IMAGE  EVALUATION 
TEST  TARGET  (MT-3) 


âi 


/M   m. 


7^    â//^ 


f/. 


1.0 


l.l 


*-iM  JM 
"  '^  IIIIIM 

2.0 


1.8 


1.25 

1.4 

1.6 

^ 6"   — 

► 

<s 


c'; 


ci 


^c^; 


% 


#1 


%> 


i? 


?. 


Vf^/    ^ 


-<!^ 


/ 


Photographie 

Sciences 
Corporation 


23  WEST  MAIN  STREET 

WEBSTER,  N. Y    14580 

(716)  872-4503 


CIHM/ICMH 

Microfiche 

Séries. 


CIHM/ICMH 
Collection  de 
microfiches. 


Canadian  Institute  for  Historical  Microreproductions 


Institut  canadien  de  microreproductions  historiques 


1980 


Technical  and  Bibliographie  Notes/Notes  techniques  et  bibliographiques 


The  Institute  has  attempted  to  obtain  the  best 
original  copy  available  for  filming.  Features  of  this 
copy  which  may  be  bibliographically  unique, 
which  may  alter  any  of  the  images  in  the 
reproduction,  or  which  may  significantly  change 
the  usuel  method  of  filming,  are  checked  below. 


y 


D 
D 
D 
D 


Coloured  covers/ 
Couverture  de  couleur 

Covers  damaged/ 
Couverture  endommagée 

Covers  restored  and/or  laminated/ 
Couverture  restaurée  et/ou  pelliculée 

Cover  title  missing/ 

Le  titre  de  couverture  manque 

Coloured  maps/ 

Cartes  géographiques  en  couleur 


□    Coloured  ink  (i.e.  other  than  blue  or  black)/ 
Encre  de  couleur  (i.e.  autre  que  bleue  ou  noire) 


D 

n 

D 


D 


D 


Coloured  plates  and/or  illustrations/ 
Planches  et/ou  illustrations  en  couleur 

Bound  with  other  matériel/ 
Relié  avec  d'autres  documents 

Tight  binding  may  cause  shadows  or  distortion 
along  interior  margin/ 

La  reliure  serrée  peut  causer  de  l'ombre  ou  de  la 
distortion  le  long  de  la  marge  intérieure 

Blank  leaves  added  during  restoration  may 
appear  within  the  text.  Whenever  possible,  thèse 
hâve  been  omitted  from  filming/ 
Il  se  peut  que  certaines  pages  blanches  ajoutées 
lors  d'une  restauration  apparaissent  dans  le  texte, 
mais,  lorsque  cela  était  possible,  ces  pages  n'ont 
pas  été  filmées. 

Additional  comments:/ 
Commentaires  supplémentaires; 


L'Institut  a  microfilmé  le  meilleur  exemplaire 
qu'il  lui  a  été  possible  de  se  procurer.  Les  détails 
de  cet  exemplaire  qui  sont  peut-être  uniques  du 
point  de  vue  bibliographique,  qui  peuvent  modifier 
une  image  reproduite,  ou  qui  peuvent  exiger  une 
modification  dans  la  méthode  normale  de  filmage 
sont  indiqués  ci-dessous. 


I — I    Coloured  pages/ 


Pages  de  couleur 

Pages  damaged/ 
Pages  endommagées 

Pages  restored  and/o 

Pages  restsurées  et/ou  pelliculées 

Pages  discoloured,  stained  or  foxei 
Pages  décolorées,  tachetées  ou  piquées 

Pages  detached/ 
Pages  détachées 

Showthroughy 
Transparence 


I — I  Pages  damaged/ 

I — I  Pages  restored  and/or  laminated/ 

I — I  Pages  discoloured,  stained  or  foxed/ 

I      I  Pages  detached/ 

I — I  Showthrough/ 


□    Quality  of  print  varies/ 
Qualité  inégale  de  l'impression 

□    Includes  suppiementary  matériel/ 
Comprend  du  matériel  supplémentaire 

I — I    Only  édition  available/ 


D 


Seule  édition  disponible 

Pages  wholly  or  partially  obscured  by  errata 
slips,  tissues,  etc.,  hâve  been  refilmed  to 
ensure  the  best  possible  image/ 
Les  pages  totalement  ou  partiellement 
obscurcies  par  un  feuillet  d'errata,  une  pelure, 
etc.,  ont  été  filmées  à  nouveau  de  façon  à 
obtenir  la  meilleure  image  possible. 


10X 


This  item  is  filmed  et  the  réduction  ratio  checked  below/ 

Ce  document  est  filmé  au  taux  de  réduction  indiqué  ci-dessous. 

14X  18X  22X 


26X 


30X 


n/ 


12X 


16X 


20X 


24X 


28X 


H 


32X 


The  copy  filmed  hère  has  been  reproduced  thanks 
to  the  generosity  of  : 

Library  of  the  Public 
Archives  of  Canada 


L'exemplaire  filmé  fut  reproduit  grâce  à  la 
générosité  de: 

La  bibliothèque  des  Archives 
publiques  du  Canada 


The  images  appearing  hère  are  the  best  quality 
possible  considering  the  condition  and  legibiiity 
of  the  original  copy  and  in  Iteeping  with  the 
filming  contract  spécifications. 


Les  images  suivantes  ont  été  reproduites  avec  le 
plus  grand  soin,  compte  tenu  de  la  condition  et 
de  la  netteté  de  l'exemplaire  filmé,  et  en 
conformité  avec  les  conditions  du  contrat  de 
filmage. 


Original  copies  in  printed  paper  covers  are  filmed 
beginning  with  the  front  cover  and  ending  on 
the  last  page  with  a  printed  or  illustrated  impres- 
sion, or  the  bacit  cover  when  appropriate.  Ail 
other  original  copies  are  filmed  beginning  on  the 
fcrst  page  with  a  printed  or  illustrated  impres- 
sion, and  ending  on  the  last  page  with  a  printed 
or  illustrated  impression. 


The  last  recorded  frame  on  each  microfiche 
shall  contain  the  symbol  ^^-(moaning  "CON- 
TINUED  "),  or  the  symbol  Y  (meaning  "END  "), 
whichever  applies. 

Maps,  plates,  charts,  etc.,  may  be  filmed  at 
différent  réduction  ratios.  Those  too  large  to  be 
entirely  included  in  one  exposure  are  filmed 
beginning  in  the  upper  left  hand  corner,  left  to 
right  and  top  to  bottom,  as  many  frames  as 
required.  The  following  diagrams  iilustrate  the 
method: 


Les  exemplaires  originaux  dont  la  couverture  en 
papier  est  imprimée  sont  filmés  en  commençant 
par  le  premier  plat  et  en  terminant  soit  par  la 
dernière  page  qui  comporte  une  empreinte 
d'impression  ou  d'illustration,  soit  par  le  second 
plat,  selon  le  cas.  Tous  les  autres  exemplaires 
originaux  sont  filmés  en  commençant  par  la 
première  page  qui  comporte  une  empreinte 
d'impression  ou  d'illustration  et  en  terminant  par 
la  dernière  page  qui  compote  une  telle 
empreinte. 

Un  des  symboles  suivsnts  apparaîtra  sur  la 
dernière  image  de  chaque  microfiche,  selon  le 
cas:  le  symbole  — ►  signifie  "A  SUIVRE",  le 
symbole  V  signifie  "FIN". 

Les  cartes,  planches,  tableaux,  etc.,  peuvent  être 
filmés  à  des  taux  de  réduction  différents. 
Lorsque  le  document  est  trop  grand  pour  être 
reproduit  en  un  seul  cliché,  il  est  filmé  à  partir 
de  l'angle  supérieur  gauche,  de  gauche  à  droite, 
et  de  haut  en  bas,  en  prenant  le  nombre 
d'images  nécessaire.  Les  diagrammes  suivants 
illustrent  la  méthode. 


1 

2 

3 

32X 


1  2  3 

4  5  6 


^ff 


PBESIDENTIAL   ADDRESS 

(Rea«  mkpoke  TiTK  RovAi.  SiKiiav  oP  Canada   May,  1899) 


Canadian  ^^ter  Power 


AND  ITS 


/^  ELECTRICAL   PRODUOT 


IN  RELATION  TO 


Undevëloped  Resources  of  the  Dominion 


BY 


THOS.  C.  KEEFER,  C.M.G.,  F.R.S.C. 


ÏABT  PBBHIDEtlï  AMEBICAH  gOCFETT   CIVIL  BNOINKEHB  ; 
PABT  PRESIDENT  OANADIAN    SOCIETV   OIVII,  ENOINEKRS  ; 
PAST  PRESIDENT  OP  THE   H07AL,  SOCIETY  OP  CANADA; 
MEMBEB    INSTITUTION    OF    OIVII,    ENOINKEHS,     LOSDON. 


MONTREAL: 

PbINTKD  BY  THE   OaZETTK  rKINTINQ  CoMPANY. 

1900 


CANADA 


PUBLIC  ARCHIVES 
ARCHIVES  PUBLIQUES 


PRESIDENTJAL  ADDRESS 

By  T.  C.  Keefer,  C.M.G.,  CE. 


Canada  with  a  small  population  and  insufficient  capital  lias  neveiihe- 
less  held  a  foremost  position  in  the  products  of  the  Forest  and  the  Fish- 
cries,  as  well  as  in  the  quality  of  those  cereals  and  fruits  which  attain 
their  highest  development  in  a  northern  latitude.  In  live  stock  she  haa 
not  sufïered  by  comparison  with  any  other  portion  of  this  continent, 
while  in  dairy  products  she  is  pre-ominent.  If  she  has  not,  until  re- 
cently,  made  much  progress  in  minerai  development,  it  has  been  more 
from  want  of  money  than  of  mines.  If  she  has  been  long  in  attaining 
a  position  as  a  manufacturing  country,  it  is  accounted  for  by  the  fiscal 
and  financial  conditions  of  a  sparsely  settled  country,  the  smallness  of  a 
home  market,  and  the  compétition  of  greater  capital  and  out-put,  and 
therefore  cheaper  production  elsewhere. 

Amongst  the  many  partially  dcveloped  rcsourccs  of  Canada,  perhaps 
there  is  none  more  widespread  or  more  far  reaching  in  future  results 
than  her  imsurpassed  Water  Power.  The  value  of  this  has  been  enorm- 
ously  enhancod,  first  by  the  e.\pansi(in  of  the  wood  pulp  manufacture, 
and  the  introduction  of  electro-chcmical  and  metallurgical  industries 
for  which  this  country  possesses  the  raw  material;  and,  more  recently, 
in  the  révolution  which  lias  been  brought  about  by  success  in  transmit- 
ting  the  energy  of  water  falls  from  remote  and  inconvénient  positions  to 
those  wliere  the  work  is  to  be  done. 

Elcctrical  transmission  brings  the  power  to  the  work,  and  when  the 
prime  niover  is  water,  we  hâve  the  cheapest  power,  and  perhaps  nearest 
approach  to  perpétuai  motion  which  it  is  possible  to  obtain; — one  which 
is  always  "  on  tap,"  and,  like  gravity,  maintained  without  cost  and  ap- 
plied  without  delay. 

An  examination  of  any  good  map  of  our  broad  Dominion  rcvcals,  as 
its  most  striking  feature,  an  cxtraordinary  wealth  and  remarkably  lui- 
interrupted  succession  of  lakes  and  rivers,  suggestive  of  ample  rainfall, 
the  first  great  rcquisitc  in  the  occupation  of  any  country.  Tins  fcaturc 
would  be  still  more  impressive  if  ail  the  waters  could  be  shown  on  the 
map.  Over  large  areas  only  the  more  important  rivers  hâve  been  ex- 
plored  and  delineated;  while  in  the  surveyed  districts  many  are  neces- 
earily  omitted  to  leave  room  for  other  information  to  be  given. 

Proc,  If-'ja.    J. 


*  ROYAL  SOCIETY  OF  CANADA 

Thèse  rivers  aiul  lakes  havo  bcon  the  niost  inipnrtant  faotors  in  the 
settlement  of  the  country,  as  they  forniod  iho  oarliest  linos  of  approach 
for  the  pénétration  and  exploration  of  the  interior,  and  for  tho  exploi- 
tation of  our  forests.  Tlie  liuiiberman  followed  the  trapper  and  the  fur 
trader,  the  axe  supplantcd  the  rillo,  aud  thus  the  country  was  opened  up 
by  men  wlio  knew  not  ouly  wliere  to  bogin,  but,  by  their  calling,  were 
best  equipped  as  pioneers. 

The  frontier,  where  not  aiready  oceupied  by  tb  j  French,  was  neces- 
sarily  rapidly  sottled  in  the  first  place  by  the  Loyalists  of  1770^  who 
could  not  stand  npon  the  order  of  their  dopartnre  after  their  homes 
were  confiscated.  Thèse  found  the  rivers  their  earliest  friends  from 
whenee  they  obtained  the  means  of  ehelter  and  of  employment  in  the 
only  industry  by  which  money  could  then  be  obtained,  viz.,  the  floating 
of  timber  and  ])otasli  to  ]\Iontreal  and  Québec. 

Uver  a  lengtli  of  several  tliousand  miles  between  Labrador  and 
Alaska  and  over  a  width  of  several  hundred  miles,  there  is  an  almost 
continuons  distribution  of  lakes,  lakelets  and  rivers; — the  lakes  of  varied 
outlines,  dimensions  and  élévations  above  sea  level,  and  many  possessing 
facilitios  for  the  storage  of  their  flood  waters.  Tliis  power  of  storage  has 
been  largely  taken  advantage  of  by  lumbermen  to  retain  the  needed 
supply  for  their  spring  "drive"  into  the  main  stream.  In  many  places 
Ihe  outlet  from  the  lake,  or  the  connection  between  a  chain  of  lakes,  is 
u  narrow  clef t  in  rock  where  an  inexpensive  dam  will  hold  back  the  water 
Bupi^lied  by  the  winter's  accumulation  of  snow. 

With  the  exception  of  lier  prairie  région,  the  rivers  of  Canada  differ 
from  the  Mississippi,  Missouri  and  Ohio,  and  the  larger  part  of  their  tribu- 
taries,  in  that  they  are  not  naturally  navigable  from  their  mouths,  or  above 
tidal  influence  to  any  considérable  extent,  except  in  detached  sections; 
while  the  former  are  navigable  for  thousands  of  miles  and  are  thereforc 
without  water  power.  Those  great  western  rivers  flow  upon  a  nearly 
uniform  grade  of  a  few  inches  per  mile,  whilst  the  St.  Lawrence  and 
its  tributaries  are  interrupted  by  rapids,  chutes  and  cataracts,  aifording 
a  great  variety,  quantity  and  quality  of  water  power. 

In  the  United  States,  between  the  Atlantic  coast  and  the  lîocky 
Mountains,  as  far  south  as  tho  Gulf  of  Mexico,  and  as  far  north  as  the 
Dakotas,  (with  the  exception  of  part  of  New  York  and  New  England) 
there  is  an  entire  absence  of  lakes;  while  throughout  Canada,  north  of 
the  St.  Lawrence  and  stretching  northwest  toward  the  Mackenzie  lîiver 
Basin,  thèse  are  innumcrable,  in  fact  hâve  never  been  numbered,  and 
thousands  of  the  smaller  ones  hâve  never  been  reprcsented  on  any  map. 

The  upper  sections  or  sources  of  most  of  the  Canadian  rivers  are 
chains  of  lakes,  occupying  in  many  instances  the  greater  portion  of  the 
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ivater  course.  Thèse  hcad  waters  are  often  xipon  nearly  the  same  éléva- 
tion and  intcrlocked  with  the  sources  of  other  rivers  flowing  in  opposite 
or  dureront  dii'ections,  and  separated  l)y  narrows  necks  of  land  at  a  low 
"divide."  rendering  diversion  from  one  to  another  possible,  a  feature 
which  has  in  some  places  been  utilizcd  l)y  lumbcrmon  fearless  of  any  légal 
injunction. 

This  tem;,ce-like  profile  of  the  rivers  and  their  fréquent  expansion 
into  lakes,  often  dotted  with  islands,  not  only  enhances  the  beauty  of  the 
scenery,  but,  for  utilitarian  purposes,  constitutes  a  séries  of  elevated 
natural  niill  ponds,  containing  latent  power  of  unknown  extent  and 
value,  awaiting  that  demand  upon  theni  which  is  now  being  made  in 
conséquence  of  the  discovery  that  our  second  rate  forest  growth  which 
lias  hitherto  served  chiefly  to  ornaïuent  their  shores  and  islands,  lias 
become  the  most  important,  and  can  be  ground  into  pulp  and  rolled 
into  paper  to  nieet  the  cver  increasing  demands  of  the  newspaper,  the 
bookmaker,  and  the  innumerable  fonns  into  which  wood  pulp  can  be 
compressed  for  useful  or  ornamental  purposes, — or  as  a  substitute  for 
wood  or  métal. 

Thèse  stejjs  from  high  to  lower  levels  in  every  rivulet,  branch,  tribu- 
lary  or  main  stream  of  nearly  every  one  of  our  northern  rivers  produce 
}iiore  or  less  broken  water  which  never  freezes  over  but  remains  open 
during  the  coldest  wcather,  giving  an  alternation  of  closed  and  open 
water  sections,  of  ice  covered  lakes  and  of  broken  water  in  rapids,  which 
may  covor  miles  in  extent,  as  well  as  at  chutes  or  eataracts  with  more  or 
less  open  water  above  and  below  them. 

It  is  an  interesting  question  for  specialists  m  détermine  what  elïect, 
if  any,  this  often  large  percentage  and  almost  gênerai  distribution  of 
open  Avater  during  the  coldest  weatlier  (of  which  every  stream  large  or 
small  lias  a  portion)  niay  havc  in  modifying  the  extrêmes  of  température 
in  thèse  northern  latitudes.  When  ail  the  ground  is  frozen  solid  and 
covered  with  a  deep  mantle  of  snow,  extending  over  the  lakes  and  check- 
ing  increasing  thickness  of  their  ice  covering,  large  bodies  of  water  are 
impounded  and  maintaincd  at  a  température  above  the  freezing  point, 
although  tliere  may  be  fifty  degrees  of  frost  in  the  air,  and  are  constantly 
poured  forth  into  this  frigid  atmosphère. 

It  is  conceded  that  our  Great  Lakes  niodify  the  température  of  their 
border  lands,  and  although  thèse  open  water  spacos  in  our  northern 
rivers  may  be  inferior  in  surface,  they  exist  on  every  river  liaving  rapids 
or  falls,  and  extend  over  such  a  vast  field  that  their  aggregate  area  must 
be  very  large.  Unlike  the  Great  Lakes  thèse  open  spaces  are  constantly 
receiving  fresh  supplies  of  warmer  water  to  teraper  the  severity  of  the 
air.       Such  "  breathing  holes  "  (as  they  are  sometimes  called)  are  nec- 
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essiirily  cnnii'iirnlivcly  slinllow,  niul  nre  tlie  only  places,  nftcr  ail  othor 
wnter  is  frozon  ovov,  »vlioro  "  niu'liorod  "  ico  is  forinotl  iiml  found.  This 
differs  from  Inke  ice  iii  tlint  thc  latter  mclts  whero  it  freozes,  while 
nnchor  ice,  when  conipolled  by  niildor  wcatlier  tu  let  go  its  liold  xipon 
llio  bottoui,  risos,  nnd  is  iiiiiucdinti'ly  drawn  undor  tlio  fixod  ice  below, 
and  docs  not  dissdlvo  until  (lie  river  breaks  \ip  in  tlie  spring.  The  latent 
hoat  of  waier,  disengagid  in  freezing, — which  ])rooess  oceurs  so  fre- 
quently  during  the  flve  months  of  wintcr, — is  imparted  to  thc  atmos- 
phère, but  is  not  again  absorbed  by  melting  ice,  as  would  be  the  case  in 
lakes,  or  in  deep  sliiggish  rivers. 

Again,  radiation  is  supposed  to  play  an  important  part  in  "  anchor- 
ing"  tiie  floating  particles  of  ice  to  the  river  bottom,  whieh  is  said  to 
be  cooled  so  rajjidly  by  the  ice  laden  current  above  it  as  to  become  frozen, 
and  then  begin  to  attraet  the  passing  ice  necdles,  and  fix  theni  to  its 
bcd. 

If  niother  earth,  in  mid-wintcr,  contributes  any  of  lier  impounded 
beat  to  the  outer  atmosphère,  thcsj  almost  innumerable  nnfrozen  spaces 
certainly  offer  great  facilities  for  giving  vent  to  her  suppre-sed  émotions. 


WATEU  POWER. 


From  the  Siraits  of  Belle  Islo  to  Montréal,  and  thence  ascending 
the  Ottawa,  the  tributaries  of  the  St.  Lawrence  and  of  the  Ottawa  des- 
cend, through  ihe  Laurentian  région,  from  élévations  of  1,8U0  to  1,000 
feet  above  tide,  and  débouche  within  a  few  miles  of  each  other  except 
imniediately  about  the  Saguenay.  lu  many  cases  they  bring  their  prin- 
cipal cataraets  very  near  their  outfall,  notably  in  the  case  of  the  famous 
l'alls  of  Montmorency,  whieh,  leapiug  dircctly  into  the  St.  Lawrence 
from  a  lieight  of  250  feet,  are  iitilized  to  liglit  the  streets  and  drive  the 
tram  cars  of  Québec. 

Somewhat  similar  conditions  exist  on  the  south  shore  of  the  St. 
Lawrence  iiutil  the  IJiehelieu  river  (the  outlet  of  Lake  Champlain)  is 
reached,  where  at  Chambly,  water  power  is  about  to  be  used  to  send  the 
electric  current  into  Montréal  in  compétition  witli  steam  and  a  similar 
water  power  from  the  Lachine  liapids. 

The  divide  between  the  St.  Lawrence  and  the  Ottawa  is  studded  with 
lakes,  west  of  the  Rideau  Canal,  a  principal  outlet  for  whieh, — on  the 
south, — is  tlie  liiver  Trent,  discharging  into  the  Bay  of  Quinte,  with 
large  mills  and  much  undeveloped  water  power  at  its  mouth  :  and  on 
the  north,  some  half  a  dozen  important  tributaries  discharging  into  the 
Ottawa. 
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At  Saiilt  Sic.  Miuii',  a  wator  powor  l'amil  l'cil  froni  Liikt;  Siipcrior 
supplies  tl'.c  largi'st  pulp  luili  yot  erectoil  iii  Oiilariu,  aiitl  a  similar  work 
at  tlio  Lako  of  tlie  Woods  (wiiicli  liiko  is  1,()()()  l'cct  al)()v.'  tide)  },Mvis 
power  to  tlio  larjic'st  llonr  luill  in  tlio  Dominion.  'l'Iii-  waters  of  tlio 
Wiiiiiipcg  river  (the  outlet  of  thc  I^ake  of  liio  Woods)  descend  ahout  300 
fcet,  unnsed,  into  Wiiinipeg  Lakc,  adjoining  J^akc  Nfaiiitoha,  from 
whence  tlie  water  systeni  extonds  to  the  Saskatehewan.  and  tlienee  via 
Atlialjasca,  the  Great  Slave  and  theCiroat  lîear  J^akes,  to  the  Aroticcircle. 

No  référence  has  been  niade  to  tlie  long  established  water  power  in 
the  oldor  districts,  on  thc  Saguenay,  or  thoso  between  Montréal  and 
Québec,  and  upon  the  Ottawa,  nor  to  the  more  récent  and  extensive  pulp 
and  papcr  eslal)lishments; — it  bcinj;-  the  object  of  this  paper  to  draw 
attention  to  the  continuity  and  broad  distribution  of  water  power  acrosa 
the  C(mtinent,  on  Canadian  tcrritory,  and  to  tlie  unnumlx'red  natural 
réservoirs  of  Mater  at  dévalions  which  impart  to  thoni  latent  powers  for 
the  future  development  of  this  couiitry. 

British  Cohnnbia  has  not  been  included  in  this  field,  because  its  oc- 
cupied  portion  is  separated  by  our  great  prairie  région  frOm  the  lake 
System  of  Eastorn  Canada,  which  ^jystem  is  deflected  toward  the  north- 
we;  t  at  the  Lake  of  the  Woods.  This  province  is  by  no  nieans  déficient 
in  Mater  poM'cr,  although  it  has  been  little  used  as  yet  where  mines  are  on 
high  levels,  and  becaiise  steam  could  be  more  readily  applied.  On  the 
other  hand,  it  is  the  only  province  in  M'hich  hydraulic  mining  is  in 
opération;  and  where  gold  is  found  in  qiiantity  sufflcient  to  warrant  the 
great  outlay  of  capital  necessary  in  couneetiou  with  that  systeni. 

In  the  Kootenay,  water  wheels,  M'ith  or  M'ithout  electrical  tran.smis- 
sion,  are  necessary  for  water  power,  in  order  to  mine,  pnmp,  and  criish 
the  gold  bearing  rocks;  but  in  tho  Oariboo  district,  water  poM'or  is  ap- 
plied in  tho  simplest  forni,  M'ithout  wheels  or  M'ire.'^,  by  direct  pressure 
from  a  nozzle,  as  is  donc  in  OttaM'a  from  a  lire  hydrant. 

While  the  mountains  south  of  the  Canadian  Pacific  IJailway  are  rich 
in  metallic  veins,  the  région  north  of  this  railsvay  extendin^r  into  the 
Arctic  Circle.  appoars  to  be  a  véritable  land  of  llavilah,  a  continuoiis 
"  riacer  "  gold  lield,  in  which  miieh  of  the  precious  métal  is  lo  be  obtaiu- 
cd  by  hydraulic  miuing,  wherevcr  Huit  is  practicable. 

This  gold  field,  over  a  thonsand  miles  in  oxteiit  between  the  Fraser 
and  Yid<on  lîivers,  and  of  unascertaiued  width,  has  been  exploited  at 
Cariboo,  (from  M'hence  fifty  million  dollars  has  been  taken).  at  Cassiar 
and  Omenica,  and  recently  at  Atlin,  ail  in  British  Columbia; — as  well 
as  in  the  far  famed  Klondiko,  in  the  Yukon  district,  said  to  be  the 
richest  gold  field  in  the  world. 

Water,  in  M-hatever  way  it  is  used,  is  necessary  to  the  recovery  of  this 
c:old,  bnt  in  many  places  water  power  alone  will  profitably  unearth  it 
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from  its  hiddon  recesses.  Thisis  collectcd  in  qunntity  from  Inkes,  and 
réservoirs  on  the  liigli  ievels,  and  carried  l'or  miles  by  ditches,  a([uediu:t8 
and  fl unies,  to  tho  banks  of  a  primoval,  deserted  river  channol,  at  tho 
bolfoni  of  wliicli,  iinder  forest  covered  clay  banks,  lies  tbc  nuri ferons 
grave!  stiiddcil  wjth  houlders  and  rosting  on  the  bed  rock.  Under  a  lioad 
of  ahout  .'JOO  feot  "  six  ineli  rapid  firo  "  hydraulic  guns  are  pointed 
P.gainst  the  bank,  brcaking  down  the  earth,  uprooting  trees,  ecattering 
boulders  and  washing  ont  the  gold — wliich  remains  in  the  traps  sot  for 
it  in  the  bottoni  of  the  sluices  aftcr  ail  elso  has  been  carried  olî  by  the 
power  of  the  water. 

Thèse  "  machine  guns,"  called  "  giants  "  and  "  monitor.s,"  are 
models  of  simplioity  as  well  as  of  iiigenuity  and  efficiency.  While  work- 
ing  tliey  aro  great  consuniers  of  water, — and  can  only  be  used  wheu 
the  ground  is  unfrozen,  but  this  scason  is  gonerally  sufficient  to  use  up 
ail  the  water  which  can  be  collected  at  the  necessary  élévation. 

It  roquires  at  least  two  men  to  liold  and  direct  the  force  of  the  ia- 
Buing  strcam  from  an  Ottawa  tire  hydrant,  but  a  boy  can  direct  the 
movenient  of  a  stream,  twenty  times  groater  in  quantity  and  lifty  por  cent 
stronger  in  pressure,  as  it  rushes  forth  from  the  nozzle  of  one  of  thèse 
"  giants  ", — which  is  iixed  to  a  well  secured  platforni,  and  moived  for- 
ward  as  the  bank  in  front  of  it  molts  away. 

A  thin  short  tube,  of  larger  diameter,  projects  beyond  the  nozzle  to 
wTiich  it  is  fîxed  by  gimbiils,  so  that  the  tube  can  be  moved  indcpend- 
ently,  both  horizontally  and  vertically,  to  touch  the  issuing  stream, 
which  immediately  recoils  from  tho  obstruction,  moving  the  "  giant's  " 
nozzle  in  the  opposite  direction.  Thus  a  boy  "  behind  the  gun  "  can 
control  its  movement  and  compel  the  "  giant  "  to  fall  back  iipon  his 
own  resources  for  motive  power. 

HORSE  POWER. 


It  is  impossible  to  give  anything  but  an  approximate  estimate  either 
of  quantity  or  value  of  the  available  water  power  over  so  vast  an  area, 
because  the  first  wonld  involve  the  survey  of  every  power  site;  and,  as 
to  the  second,  the  value  begins  when  the  power  is  wanted. 

Ail  which  now  can  be  donc  is  to  state  the  conditions  and  endeavour 
to  estimate  the  quantity,  hypothetically.  What  is  needed  for  an  estimate 
is  the  quantity  of  water  and  the  amount  of  fall  which  can  be  relied  \ipon 
at  the  site  for  each  power.  To  get  the  first,  a  measurement  of  the  mini- 
mum flow  at  each  point  would  be  necessary  in  low  water  years,  and  for 
the  second,  some  local  knowledge  as  to  river  levels,  back  water,  etc. 

In  the  absence  of  such  surveys  we  must  fall  back  upon  the  average 
rainfall  of  the  whole  région  as  far  as  that  can  be  procured  for  any  time, 
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nnd  nssuino  tho  proportion  of  tliis  pncipitution  (  of  rnin  and  snow) 
wliicli,  nftcr  doductions  for  (îvaporatioii,  tho  dcmands  of  vogctation,  or 
infiltration,  would  roach  tlic  whecls.  An  allowancc  miist  also  bc  made 
for  that  portion  of  the  rainfall  which  may  be  carricd  olT  in  floods. 

Tho  area  over  which  tliis  précipitation  would  be  in  reach  for  water 
power  piir{)080H,  would  enibrace  ail  the  main  land  of  Canada  south  of  tho 
St.  Lawrence,  as  woU  as  ail  north  of  it  in  the  St.  Lawrence  valley,  and 
80  much  of  the  Iludson  Hay  and  Mackcnzic  Hiver  watersheda  as  can  be 
utilized,  or  imporled  by  transmission. 

.  As  regards  the  power  of  tho  water  thus  estimated,  wc  must  embark 
in  a  mucli  nioro  spéculative  estimate  as  to  the  arerage  fall  which  should 
bc  assignod  to  it  for  the  whole  région.  We  hâve  in  tho  undeveloped 
districts  sonie  soattered  meteorological  observations  to  assist  us  in  esti- 
mating  probable  rainfall,  and  we  bave  also  a  few  barometrical  observa- 
tions giving  the  height  abovo  sca  Icvol  of  sunimit  waters.  On  lower 
levels  we  bave  more  numerous  rain  gauges,  and  summit  levels  ascertain- 
ed  by  raihvay  survoys. 

For  the  whole  river  the  total  fall  may  be  less  than  100  feet,  as  in  the 
case  of  tho  French  river  whicli  bas  Lake  Nipissing  for  a  mill  pond,  or 
lise  to  1,500  feet  or  more  as  at  tho  rivers  bclow  Anticosti.  In  the  case 
of  the  French  river  (which  is  the  lower  part  of  a  longer  stream)  we  bave 
surveys,  and  know  that  its  whole  fall  can  be  utilized,  as  would  be 
donc  if  it  is  made  navigable  by  locks  and  dams.  In  thu 
others  (where  no  surveys  bave  been  made)  some  will  be  more  or  less  like 
French  rivc^,  while  at  others  only  a  portion  of  the  total  fall  upon  them 
may  be  profitably  utilized.  The  most  valuable  will  be  those  which,  liko 
IMontmorency,  bring  ail  their  water  with  sufficient  head  to  the  point 
where  it  is  worth  most.  The  uppor  sections  of  the  rivers  will  be  the 
Icast  valuable,  as  having  less  water  and  being  more  remote  until  reached 
by  a  new  railway,  or  a  transmission  wire. 

The  chief  ditïiculty  with  respect  to  the  quantity  of  water  is  the  want 
of  rain  gauges  over  so  great  an  extent  of  unoccupied  territory.  Where 
the  rainfall  is  known,  the  proportions  which  reach  the  streams  bave  been 
ascertained  in  connection  with  réservoirs  for  water  supply  and  other 
purposes.  Wq  can  thereforo  only  state  a  hypothetical  case  especially 
as  to  the  power  to  be  assigned  to  the  available  water. 

Assuming,  however,  an  averago  annual  précipitation  of  twenty-four 
inches  and  taking  one-half  of  this  as  available  for  water  power,  every 
ten  square  miles  would  yield  an  averago  of  nearly  one  horse  power  for 
every  foot  of  fall.  A  million  square  miles  (and  tliere  is  much  more) 
would  give  nearly  100,000  horse  power  for  every  foot  of  fall.  As  there 
would  be  scveral  hundred  feet  of  fall  which  could  be  utilized,  our  water 
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power  must  be  immense, — and  commensurale  with  tliis  country  in  otlier 

respects. 

The  above  applics  cnly  to  Ihe  tributaries  of  the  St.  Lawrence  and  the 

Oitawa,  and  to  the  northern  watcrsheds  so  far  an  thèse  may  be  utilized. 

The  Canadian  portion  of  the  water  power  of  the  St.  Lawrence,  from 

Lake  Superior  to  Montréal,  in  which  there  is  a  fall  of  546  feet,  is  not 

inchidod,  bcing  below  the  level  of  the  tributaries. 

We  hâve  measiiroments  of  the  flow  in  both  fhe  St.  Lawrence  and 

tlie  Ottawa  in  cubic  feet  per  second,  as  follows  : 

e.  ft.  par  sac. 

In  St.  Mary's  river,  outlet  of  Lalce  Superior 80,000 

In  St.  Clair  river,  outlet  of  Lake  Ilufon 235,000 

In  Niagara  river,  above  the  falls 265,000 

In  St.  Lawrence  river  above  the  rapids 300,000 

In  Ottawa  river,  above  Lake  of  Two  Mountains 35,000 

Canada's  share  of  the  St.  Lawrence  water  power  from  Lake  Superior 
to  Montréal  would  be  about  ten  million  ho^se  power. 

Canadi'has  half  the  water  of  the  St.  Lawrence  irom  Lake  Superior 
to  Cornwall,  and  ail  of  it  between  Lake  St.  Francis  and  Montréal;  but 
cnly  a  portion  of  this  half  could  be  utilized, — and  this  would  apply  more 
or  Icss  to  the  Ottawa  and  other  rivers,  where  ail  the  power  could  not  be 
utilized  without  an  expenditure  probably  beyond  its  value. 

The  power  at  Niagara  lias  bcen  cstimated  at  seven  million  horse 
power,  from  less  than  half  of  the  fall  between  Lakes  Erie  and  Ontario, 
but  the  flow  of  the  Niagara  Kiver,  as  given  above,  does  not  support  so 
high  an  estimate.  The  whole  of  tliis  fall  (over  320  feet)  can  be  utilized 
on  tlie  Welland  Canal,  but  the  quantity  is  coinparatively  insignificant, 
from  the  limited  channel  and  necessarily  low  velocity  of  the  current  in  it. 

in  likc  nianner  tlie  whole  fall  upon  our  canals  in  the  St.  Lawrence 
can  1)0  utilized  subjcct  to  tlie  limitations  imposed  by  tlie  roquiremonts 
of  navigation.  IJccause  thèse  canals  hâve  not  had  the  work  for  which 
tliey  were  intended,  thev  bave  in  some  cases  become  mill  races  rather 
than  slack  water  channols.  Tliis  bas  been  the  less  felt,  hitherto,  on  ac- 
count  of  the  lightness  of  their  west  bound  traffic,  the  strong  current  to- 
\vard  the  mills  bcing  in  favour  of  the  deeper  laden  east  bound  craft,  thus 
incideutally  comjjensating  for  a  .iolation  of  canal  maxiius. 

While  water  power  was  at  first  the  only  substitute  for  the  windmill 
in  new  countries,  and  its  economy  as  well  as  superiority  bas  always  been 
rocognized,  several  causes  bave  contributed  to  limit  its  more  gênerai  ap- 
plication, lîefore  the  invention  of  the  turbine  in  the  first  half  of  the 
présent  century  heads  exceeding  about  seventy  feet  could  not  be  utilized 
on  account  of  the  comparative  weakness  and  excessive  cost  of  wheels  of 
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large  diameter.  In  thèse  days  of  structural  steel,  and  "  Ferris  "  wheels, 
this  difficulty  coiild  be  overcome;  but,  with  the  turbine,  the  conditions 
are  revcrsed,  the  higher  the  head  the  less  the  size  and  cost  of  wheels,  so 
that  the  niost  valuable  water  powers  were  the  most  cheaply  utilized  in 
this  respect, 

A  previous  check  to  the  greater  extension  of  water  power  was  given 
in  the  latter  part  of  the  last  centiiry  by  James  Watt's  discovery  of  the 
steam  enginc,  which  by  bringing  the  power  to  the  work,  to  the  eity,  and 
to  th.f  mine,  revolutionized  industrial  conditions. 

A  still  greater  révolution  has  recently  occurred  which  brings  water 
power  to  the  front  again,  by  its  amalgamation  with  electricity,  whereby 
its  economical  jiower  is  transferred  to  the  work,  over  many  miles  of 
distance,  upon  a  single  wire. 

"Within  the  last  ten  years  higli  voltage  electricity  has  been  firmly  es- 
tablishcd  with  annually  increasing  power  of  extension,  and  this  has 
brought  Canada  into  the  first  rank  of  economical  power  producing  coun- 
tiics.  Water  is  tluis  reprcsented  by  a  power  to  which  it  can  give  birth, 
1-ut  which  is  superior  to  its  own,  in  that,  where  ever  transplanted,  it  can 
do  nearly  ail  the  parent  power  conld  do,  as  well  as  give  light,  beat  and 
greater  sjjced:  moreover  it  has  given  rise  to  industries  only  possible  with 
abundant  cheap  electricity.  What  is  more  important  to  ns  is  that  sucli 
industries  are  those  for  which  Canada  possesses  the  raw  material,  but 
v.liich.  without  water  power,  rhe  could  not  engage  in. 

There  are  important  industries  in  which  we  hâve  for  some  time 
utilized  water  power — for  which  electricity  is  not  indispensable — but 
which  equally  require  large  amounts  of  cheap  power,  and  are  capable  of 
indefinite  extension  :  but  wliile  thèse  may  not  need  the  intense  electric 
current  ncce-ssary  for  electro-chemical  industries,  they  will  fmd  electrical 
transmission  of  inestimable  value  in  many  situations  ;  while,  for  light- 
ing  and  heating  purposes,  water  power  is  invaluable  to  ail. 

Heretofore  we  bave  eut  our  spruce  into  deals  and  exportcd  it  to 
Europe,  and  more  recently  into  ])ulp  wood  and  exported  that  to  the 
United  States  ;  but,  manufactured  by  our  water  power  into  paper,  the 
raw  material  would  yield  this  coimtry  ten  times  the  value  it  is  now  ex- 
ported for. 

The  extension  of  railways  combined  with  electrical  transmission, 
will  promote  the  local  manufacture  of  such  wood  products  (including  ail 
valuable  hard  wood)  as  can  bear  transportation;  thus  giving  the  largest 
amount  of  local  employment,  as  well  as  tonnage  to  the  railway;  and 
delivering  us  from  the  position  of  "  hewers  of  wood  ""  for  other  coun- 
tries. 
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ELKCTRICITT. 

In  ordcr  to  présent  more  fully  the  recently  enhancecl  value  of  our 
Canadinn  water  power,  some  référence  is  necessary  to  certain  properties 
of  electricity,  the  power  which  has  happily  been  described  as  "the  mosî 
roniantic  form  oî  energy  "  by  Wni.  Henry  Precce,  C.  B.,  F.  E.  S.,  in  his 
récent  address  as  Président  of  the  Institution  of  Civil  Engineers. 

Inasmucli  as  the  cost  of  production  of  electrical  energy  dépends 
upon  continuity  of  output,  water  power  must  be  the  idéal  one  for  this 
purpose,  at  least  until  some  cheaper  power  is  discovered.  In  some 
places  where  steam  is  now  used  for  clectric  light  other  industries  hâve 
been  added  to  secure  the  more  continuons  use  of  the  power  in  daylight 
hours. 

The  only  quality  in  which  any  deficiency  has  been  exhibited  by  elec- 
tricity is  for  lighthouse  purposes,  a  Icsser  power  of  pénétration  in  fogs, 
in  which  respect  it  is  inferior  to  oil  or  gas:  but  even  this,  has  in  the 
présent  year,  been  more  than  compensated  for  by  the  successful  appli- 
cation of  "  wireless  telegraphy  ",  by  which,  in  any  weather,  communi- 
cation between  the  ship  and  the  shore  can  be  established.  The  shores 
of  the  St.  liawrence  from  the  Atlantic  to  the  Lakes  are  lined  with  water 
power  which  can  be  used  to  light,  in  fair,  or  protect,  in  foui  weather, 
the  passing  vessel;  to  ring  the  bell  or  blow  the  horn. 

When  water  is  applied  for  light  and  power  purposes  its  economy  is 
always  the  important  factor;  but  it  is  chiefly  to  its  value  for  electro- 
chemical  industries  tliat  Canada  will  look  to  reap  the  greatest  benefits, 
because,  in  thèse  it  is  not  merely  a  question  of  compétition  of  power 
producers,  but  one  in  which  intense  electricity  has  the  monopoly,  and 
in  the  case  of  some  of  them,  as  in  the  production  of  aluminium,  calcium 
carbide,  carborundum,  liquid  air,  etc.,  their  existence  dépends  upon 
ample  supplies  of  an  intense  electric  current,  for  the  génération  of  which 
abundant  and  cheap  water  power  is  indispensable. 

Touching  electro-métallurgical  processes  Mr.  Preece  says  : 
"  Every  electrolyte  requires  a  certain  voltage  to  overcome  the  afRnity 
between  its  atoms,  and  then  the  mass  decomposed,  per  minute  or  per 
hour,  dépends  solely  upon  the  current  passing.  The  proccss  is  a  cheap 
one  and  has  become  gênerai.  Three  electrical  H.  P.,  continuously  ap- 
plied, deposits  10  Ibs.  of  pure  copper  every  hour,  from  copper  sulphates, 
at  the  cost  of  one  penny.  AU  the  copper  used  for  telegraphy  is  thus  ob- 
tained.  Zinc  in  a  very  pure  form  is  extractcd,  electrolytically,  from 
chloride  of  zinc  produced  from  zinc  blende,  in  large  quantities.  Caustic 
soda  and  chlorine  are  produced  by  similar  moans  from  common  sait. 
The  passage  of  electricity  through  certain  gases  is  accompanied  by  their 
dissociation,  and  by  the  génération  of  intense  beat.     Hence  the  arc 
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furnace.  Aluminium  is  thus  obtained  from  cryolite  and  bauxite.  Phos- 
phate is  also  separated  from  apatite  and  other  minerai  phosphates.  Cal- 
cium carbide,  obtained  in  tlie  same  way,  is  becoming  an  important  mdus- 
try." 

"  Electrical  energy  can  be  generated  on  a  coal  fîeld  wliere  coal,  of 
good  calorific  value,  is  raised  at  a  cost  of  three  sliillings  per  ton,  cheaper 
than  by  a  water  fall,  even  at  Niagara." 

Eastern  and  Western  Canadian  coal  fields  are  separated  by  thousands 
of  miles,  but  water  power  is  abundant  throughout  nearly  ail  this  coalless 
région. 

Our  western  coal  lields  are  vast  and  their  market  at  présent  limited. 
Tf  coal  can  be  raised  cheaply  enough  and  the  raw  material  for  the  work 
be  discovered  in  the  neighbourhood,  they  may  give  rise  to  electro-chem- 
ical  and  elactro-metallurgical  industries  without  the  intervention  of 
water  power. 

The  commercial  production  of  calcic  carbide  (acétylène  gas),  by  elec- 
trolysis,  is  the  discovery  of  Mr.  T.  L.  Wilson,  (a  grandson  of  the  late 
Hon.  J.  M.  Wilson  of  Saltfleet,  Ontario,)  who  bas  established  works  on 
the  water  powers  of  the  WoUand  Canal  and  bas  shipped  this  product  ail 
round  the  world. 

The  electric  production,  conimercially,  of  caustic  soda  and  chlorine 
is  under  the  patent  of  Mr.  Ernest  A.  Letrueur,  son  of  the  Secretary  of 
the  General  Post  Office  Department,  Ottawa.  This  manufacture  is  now 
being  carried  on  by  a  Boston  company  at  a  New  England  water  power. 

MINING. 

There  is  another  field  nearly  as  widespread  as  our  water  power  in 
which  electricity  is  destined  to  play  a  raost  important  rôle,  and  this  is 
mining,  which  is  now  spreading  over  the  Dominion  with  the  same  rap- 
idity  as  the  utilization  of  oiir  forests  for  pulp  and  paper  purposes.  Over 
this  area,  from  the  Atlantic  to  the  Pacific,  minerais  bave  been  discovered 
nnd  in  many  cases  tested  and  successfully  worked,  and  from  récent 
results  we  appear  to  be  on  the  threshold  of  remarkable  dcvelopments  in 
this  direction,  especially  as  so  sniall  a  portion'  of  so  great  an  area  bas 
been  prospected  sufficiently  for  mining  purposes. 

For  power  purposes  alone,  electricity  is  iuvaluable  in  mines,  and  its 
multifarious  uses  (as  enumerated  by  Mr.  Preece)  are  "  for  moving  trams 
and  for  working  hoists:  it  lights  up  and  ventilâtes  the  galleries,  and,  by 
pumping,  keeps  them  free  from  water.  It  opérâtes  the  drills,  picks, 
stanips,  cnishers,  compressors,  and  ail  kinds  of  macliinery.  The  modem 
type  of  induction  motor,  having  noither  brushes  nor  sliding  contacts,  is 
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free  froiii  sparks  and  frce  from  dust.  Electric  ener<;y  is  snfe,  clean,  con- 
venient,  ohoap,  aiul  producos  ncither  refuse  nor  sido  prodiicts." 

The  Caiiadian  niining  districts  are  wcU  supplied  with  watcr  power, 
and  ail  the  wonderful  eflFects  of  eh^ctricity  nre  available  for  us  iipon  a 
larger  aiid  more  econoiiiical  scalo  tliaii  elsewhere. 

In  connection  with  this  abiuulance  of  wator  power,  and  from  the 
fact  that  an  important  proportion  is  now  situated  remote  from  existing 
raihvays  and  settlements,  the  question  of  profitable  limit  of  electrical 
transmission  is  most  important. — if  indeed  it  be  now  possible  to  put  a 
limit  on  anything  connected  with  eloctricity,  with  or  without  the  aid  of 
a  wire.  If,  as  reported.  Lord  Kelvin  hns  placed  the  iirofitable  limit  at 
."00  miles,  this  is  sufTlcient  to  utilize  the  groator  jinrl  nf  tho  wator  ]i(nver 
u;)on  the  two  watersheds  north  of  the  St.  Lawrence  lîivor. 

Prof  essor  Elihu  Thomson  says  "  Up  to  the  présent  time  it  was  ]irac- 
ticable  to  transmit  high  jiressure  curronts  a  distance  of  83  miles  using 
a  pressure  of  50.000  volts.  ]f  a  voltage  highor  than  that  were  nsed  the 
eloctricity  would  oscape  from  tho  wiros  into  the  air  in  the  form  of  small 
îuminous  bliio  liâmes." 

As  showing  how  far  we  are  yot  ])chind  nature.  Prof.  Thomson  says 
the  estimated  voltage  from  a  lightening  discliarge  ranges  from  twenty 
to  fifty  million  volts. 

Whorcvor  the  raw  matorial  for  oloctro-chemical,  electro-metallur- 
gical,  or  other  industries,  affords  suflicient  inducoment.  and  the  water 
power  is  at  hand,  the  forest  will  bo  penetrated  much  more  rapidly  than 
heretofore,  and  settlements  advar.ccd  in  new  directions. 

What  can  be  doue  in  this  direction  is  bost  illustrated  by  the  develop- 
ment  of  a  cingle  industry  in  tho  -.vilds  of  ;Miv.ncsota  north  of  Lake 
Sniierior.  and  adjoining  Canadian  torritory.  Over  four  hundred  miles 
of  standard  gauge  railways  hâve  been  built,  through  what  was  a  track- 
loss  wildernoss  in  1885.  to  reach  iron  ore  bods,  the  ore  from  which  is 
shipped  to  Lake  Erie  and  thence  again  railroaded  200  miles  into  Penn- 
eylvania.  This  one  business  bas,  in  mines,  railways,  docks  and  lleets  of 
steamers,  required  an  investment  of  $350,000.000,  and  has  led  to  as  low 
a  rate,  by  water,  as  1  cent  per  biishel  for  wheat  botwoon  Chicago  and 
l^ulïalo.  and  20  cents  per  ton  for  coal  from  Lake  Eric  to  Duluth,  nearly 
jjOOO  miles.  One-half  of  the  charcoal  iron,  and  more  than  half  of  the 
pig  iron  made  in  the  L^nifed  States,  is  smelted  from  Lake  Superior  ore. 

ELECTRIC  RAILWAYS. 


The  substitution  of  eloctricity  for  stoam.  as  the  motive  power  for 
railways,  is  regardcd  as  inévitable  sooncr  or  lator  ou  many  roads.  It  has 
ali'eady  takeu  place  as  regards  suburban  raihvays,  notably  in  the  case  of 
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the  Charlevoix  road  and  IIuU  and  Alymer  railway,  whero  water  is  doing 
Ihe  work  whioh  lias  lieretofore  been  donc  by  coal.  The  chief  obstacles 
to  an  early  change  on  the  larger  roads  are  the  lumdreds  of  millions  in- 
vested  in  locomotives,  and  tho  vory  large  outh.  '  reqiiired  to  equip  exist- 
ing  steam  roads  with  the  electric  system.  The  principal  inducement 
would  be  tho  passcnger  service,  owing  to  the  increased  spced  possible, — 
it  being  confidently  stated  that,  with  clectricity,  a  spced  considerably 
over  one  hundrod  miles  per  huur  could  bj  attained.  Morcover  there 
woidd  be  entire  abolition  of  the  poisonous  smoke  which  drops  upon  the 
Pullman  in  préférence  to  any  coach  ahead  of  it. 

Wliilo  the  conversion  of  triink  linos  would  be  attcnded  with  a  cost 
which  is  for  the  présent  prohibitory,  this  objection  does  not  apply  to 
new  lines  which  may  be  worked  indopendently,  or  in  connection  with 
electric  ones.  When  the  tiine  arrives  for  such  railways,  wator  power 
will  hâve  a  field  of  usefulness  of  wliicli  we  can  at  présent  form  little  con- 
ception. Water  wheels  and  wiros  woidd  displacc  the  coal  docks,  the 
coal  laden  vessels,  the  huge  coal  yards,  and  the  trains  required  for  dis- 
tributing  their  contents  over  hundreds  of  miles  of  lints. 

An  interitir  lino  Connecting  Lake  St.  John,  on  the  Saguenay,  with 
Lake  Teniiscaniingue,  on  the  Ottawa,  which  could  ultimately  le  extended, 
via  Misï^anabi,  Xepig*  n,  and  Lac  Siuil  to  the  Saskatclicwan,  would  bo  a 
colonization  road — removed  from  the  frontier — one  wliicii  couUl  bo 
worked  l)0!^sibly  altogether  by  water  power,  and  would  open  a  virgin 
tract  in  which  elcctro-cheniical  and  electro-nietallurgical  industries 
niight  arisc,  as  well  as  thosc  conncotcd  with  the  pruducts  of  the  forests 
and  the  mine. 

TRANSPORTATION. 

The  more  extended  use  of  our  water  power,  in  the  immédiate  future, 
for  mauufacturiug  and  mining  ]nirposos,  especially  for  the  electro-chem- 
ical  and  niotallurgical  i)roductions,  naturally  leads  to  the  considération 
of  the  character  of  tiie  ont  put,  es[)ecially  with  regard  to  nuukets,  and 
transportation  problems  generally. 

Transporti'tion,  next  to  production,  is  the  most  important  coinmer- 
clal  (piestion  to  a  country  of  vast  distances,  and  low  priced  products 
alîording  great  ttnuiige  such  as  we  produce,  and  for  which  we  hâve  ex- 
pended  hundreds  of  millions  in  canals  and  railways,  harbours,  light- 
houses  and  steamers, — a  sum  dispniportioned  to  our  realizod  woalth,  as 
it  cerlainly  is  to  mir  population.  Hut,  noblesse  oblige,  we  possess  a  vast 
efctate,  arc  compellcd  to  develop  it — and  await  results. 

The  question  of  transportation  détermines,  to  a  great  extent.  the  ex- 
istence, or  otherwise,  of  a  possible  iuduetry,  and  enhances  or  diminishes 
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the  value  of  every  article  of  export  just  in  proportion  to  its  effîciency 
and  economy.  On  the  otlier  hand,  wherc  transportation  is  necessarily 
expensivo,  cheap  production  may  maintain  an  industry; — and  hère  is 
where  onr  abundant  water  power  uiay  corne  in. 

Tho  geographical  position  of  Canada  in  relation  to  the  commercial 
centre  of  gravity  of  the  Xortli  American  continent  is  at  least  noteworthy. 
This  centre  is  very  near  Lake  Eric.  From  the  western  end  of  this  lake 
the  Avater  route  to  the  Atlantic,  at  the  Straits  of  Belle  Isle,  follows  the 
gênerai  direction  of  a  great  circle  which  cuts  the  commercial  heart  of 
Europe,  and  is  therefore  upon  the  shortest  route,  or  "  air  Une  ".  Our  two 
peninsulas,  Sarnia-Detroit  and  Sault  Ste.  Marie,  whicli  are  the  raihvay 
gâtes  of  the  Lake  région,  allord  llie  most  direct  routes  to  the  Atlantic 
for  ail  the  North-westem  States,  and  are  traversed  by  the  trunk  lines 
of  railway.  From  Lake  Erie  water  communication  on  the  largcst  scale 
cxtends  tlirough  Lake  Huron  to  the  extremitios  of  Lakes  Michigan  and 
Suporior.  One-third  of  the  population  of  tlie  United  States  are  dépend- 
ent upon  the  Great  Lakes,  largoly  as  to  exports  and  imports,  and  wholly 
as  to  rates, — which  are  fixed   by  the  water  for  the  rail  routes. 

One-half  of  the  population  of  the  United  States  is  found  within  a 
radius  of  400  miles  from  Ck'veland,  a  Lake  Erie  port  claimed  to  be 
second  only  to  the  Clyde  as  a  ship  building  one,  and  also  the  largest 
iron  ore  market  in  the  world. 

The  paper  and  pulp  industry  as  well  as  some  of  the  electro-chemical 
and  metallurgical  ones  (to  the  présent  list  of  which  many  additions  may 
bc  mado)  are  distinguished  by  the  large  tonnage  produced,  the  output 
of  soveral  pulp  mills  exceeding  one  hundred  tons  per  day.  For  this  the 
St.  Lawrence  is  the  natural  route  for  exportation,  and  to  it  this  heavy 
tonnage  is  of  the  greatest  importance  as  a  means  of  attracting  "  tramps  " 
as  well  as  liners  during  the  open  season. 

Increase  of  sea  tonnage  into  tlie  St.  Lawrence  is  essential  to  our 

■  inland  commerce  :    by  it  only  can  sufRcient  west  bound  freights  be 

secured  to  attract  a  propcr  ^llare  of  the  commerce  of  the  Lakeis,  after  ail 

bas  b?on  donc  to  give  to  the  hitter  quick  despatch  at  Montréal  or  Québec. 

There  is  probably  no  place  in  the  world  where  inland  transportation 
is  carried  on  with  greater  expédition  and  economy  than  in  the  valley 
of  the  St.  Lawrence.  This  is  due  to  the  character  of  the  inland  naviga- 
tion, unoqualled  elsewhere,  and  to  the  influence  which  this  exerts  upon 
the  railways  competing  with  it:  and  also,  because  the  valley  of  the  St. 
Lawrence  is  not  only  the  greatest  highway  for  agricultural  products,  but 
of  minerai  ones,  as  well  as  of  the  products  of  the  forest  and  the  fish- 
eries. 

More  than  half  of  the  iron  ore  produced  in  the  United  States  is 
niined  around  Lake  Superior.     Into  this  lake  an  increasing  number  of 
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rnilways  are  pouring  the  produce  of  tho  vast  whcat  fields  between  it  aiid 
the  lîocky  Mountains,  and  thus  placing  this  grain  within  a  thousand 
miles  of  Montréal,  which  is  the  nearest  seaport  by  liundreds  of  miles,  and 
the  only  one  which  can  be  reached  by  vessels  capable  of  navigating  the 
lakes. 

Wheat  grown  in  the  foot  hills  of  the  Canadian  Rockies  lias  already 
reached  Lake  Superior  by  an  ail  rail  haul  of  fifteon  huadred  miles,  a 
distance  considcred  prohibitory  in  the  early  days  of  railways,  as  one 
which  woiild  absorb  the  whole  value  in  the  cost  of  carriage. 

The  ail-rail  rate  for  wheat  from  Ednionton,  on  the  North  Saskatche- 
wan  at  the  fcot  of  the  Rocky  Mountains,  to  the  Atlantic  at  St.  John, 
X.B.,  2,937  miles  on  the  Canadian  Pacific  Railway,  is  33  1-3  cents  per 
bushel,  equal  to  0-38  of  a  cent  per  ton  per  mile.  The  lake  and  rail  route 
between  the  same  points  is  93  miles  sliorter,  with  at  least  two  transfers 
of  the  grain,  and  the  rate  thrce  cents  per  bushel  less,  or  -oô  of  a  cent 
per  ton  per  mile. 

The  rate  from  Edmonton  to  Lalvc  Superior,  1,458  miles  ail  rail,  is 
31^  cents  per  100  pounds,  and  to  Slontreal,  2,456  miles  ail  rail,  56 J 
cents.  The  lake  and  rail  route  to  Montréal,  2,363  miles  is  46^  cents 
per  100  pounds,  5  cents  per  100  pounds  or  3  cents  per  bushel  loss  in 
faveur  of  lake  and  rail,  against  ail  rail  whether  to  Montréal  or  to  3t. 
John,  N.B. 

The  lateness  of  harvest  in  our  Xorthwest,  and  the  early  closing  of 
navigation  in  the  St.  Lawrence,  will  soon  over-tax  ail  our  means  of  trans- 
port, both  water  and  rail,  during  tlio  interval  between  September  and 
December.  The  Welland  and  St.  Lawrence  canals  and  the  portage  rail- 
ways  between  Montréal  and  Lake  Iluron  constitute  the  Canadian  routes, 
and  much,  which  cannot  reach  Montréal  in  time  for  export,  will  be 
stored  up  at  nearest  lake  ports  for  winter  railway  carriage  to  tide  water 
warehouses  on  the  St.  Lawrence,  for  export  at  Atlantic  ports, — or  for 
conversion  into  flour  at  Ontario  and  Québec  water  powors. 

What  is  looming  up  before  us  in  the  Canadian  Northwest  may  be 
seen  from  the  growth  of  the  grain  trade  in  Manitoba  and  our  territories, 
where,  already,  storage  capacity  for  twenty  million  of  bushols  bas  bcen 
provided  in  over  five  hundred  clevators  and  wareliouses  between  Lake 
Superior  and  the  Rocky  Mountains  ;  and  wliore  there  are  over  sixty 
rnills  with  a  grinding  capacity  exceeding  ten  thousand  barrols  daily. 
i'rom  thèse  the  estiniated  export  of  wheat,  including  flour,  in  1S98,  was 
given  at  thirty  millions  of  bushels  by  the  Winnipeg  Grain  and  Prodiice 
Exchange.  The  crop  of  1899  is  estiniated  from  forty  to  fifty  millions 
•of  bushels. 


18 


ROYAL  SOCIETY  OF  CANADA 


This  ficcuimilatin^^  Idiinagc  l'roiu  oui-  western  plains  and  our  eastern 
forests  must  call  for  a  proportioiiate  extension  of  export  facilities  which 
sliould  attract  tonnage  to  the  St.  Lawrence.  Already  Montréal  ha» 
eighteen  regiilar  line.s  of  steamers  to  transatlantic  ports,  exclusive  of 
tramps.  New  York  alone  of  tiie  Atlantic  ports  exceeds  tliis  in  numbor. 
ilontreal  lias  tive  regnlar  lines  to  Liverjiool  and  the  same  nnniber  lo 
London,  two  lines  to  Glasgow  and  two  to  Ilainbiirg,  and  one  eacli  to 
liristol,  ^lanchester,  B'^lfast  and  Antwerp.  IJaltimorc  lias  twelve  regular 
lines  of  steamships  to  Europe,  Boston  nine,  and  Philadelphia  eiglit.  No 
doubt  ail  thèse  Atlantic  lines  exceed  Montréal  in  number  and  tonnage 
of  vessels  as  well  as  in  cargo  carried,  as  they  hâve  twelve  niouths  naviga- 
tion against  seven  l'or  the  St.  Lawrence.  The  real  significance  of  Mont- 
real's  eighteen  regular  lines  of  steamships  is  the  démonstration, 
that,  in  spite  of  cliinatic  drawbacks,  or  inferiority  in  other  respects,  the 
St.  Lawrence  is  the  route  towards  wliieli  northern  exports  will  gravitate 
during  its  open  season. 


The  "  \Yater  Power"  niap  lias  been  prepared  by  the  Surveyor- 
General  of  the  Dominion,  E.  Deville,  P.K.S.C,  under  instruction  from 
tiio  iTon.  the  Minister  of  the  Interior. 

I  am  indebted  to  the  Dircctor  of  the  Meteorological  Service,  R.  F. 
Stupart,  Esq.,  for  the  tables  of  niean  annual  as  well  as  minimum 
précipitation  of  rain  and  snow  in  ail  provinces,  excepting  British  Colum- 
bia.  Sonie  of  thèse  figures  are  printed  npon  the  map,  in  blue,  to  dis- 
tinguish  thcm  from  othcrs  in  black  showing  the  height  of  lakcs,  so  far 
as  known,  above  tide  level. 

The  map  will  not  be  engraved  in  time  to  be  bound  with  the  '"Tran- 
sactions," but  will  be  distributed  later. 
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APPENDIX. 


Hydr.vumc  ALiMxcî. 

Tho  extraction  of  gold  from  soils,  as  distinguished  from  veîns  m 
tlie  sohd  rock,  lias  been  carried  on  most  extonsively  for  tho  pa-^t  fifty 
years  iipon  tho  Pacific  coast  of  the  United  States  and  Canada,  and  what 
is  known  as  hydraiilic  as  distinguislied  from  "placer"  mining  has  been 
bronght  to  great  peifccticn  thero.     C-ilifornia  h;<.s  b.en  more  systemati- 
cally  explored  and  her  resonrcos  estimatcd  in  tins  respect  than  Canada. 
Ihose  of  Canada  are  yet  but  partially  known,  but  tho  probabilitv  is  that 
tliey  will  prove  far  greater.     According  to  the  State  .Mineralogist,  Caîi- 
fornia  has  already  produced  over  one  thousand  millions  of  dollars  in 
gold  from  lier  auriferous  gravels— in  the  working  of  M^hich  over  one 
lumdred  millions  of  dollars  hâve  been  invested.    This  gold  was  obtained 
iroiii  the  beds  of  ancient  rivers  where  it  is  found  covered  with  drift  and 
forest,  which  mu.«t  be  washed  away  l.y  the  power  of  water,  beforo  it  is 
reached.       California  has  four  hundred  miles  of  thèse  ancient  water 
courses,  estimated  to  contain  an  tiverage  of  two  millions  of  gold  per  mile, 
or  $800,000,000  iu  ail.  Besides  tho?e  whicli  may  bc  called  "free  niilling'' 
deposits,  there  are  ancient  channels  where  the  gold  is  found  in  cemented 
material  and  cannot  be  washed  eut  ;    and,  again,  there  are  one  thousand 
miles  of  ancient  channels  in  which  the  gold  is  "  lava-capped  "  and  can 
only  be  reached  by  -  drifiing"  for  it.    Thèse  lava-capped  channels  are 
estimated  to  contain  $500,000,000. 

For  hydraulic  mining  the  power  canal  or  •'  ditch  "  should  hâve  an 
élévation  of  at  least  one  hundred  feet  above  the  working  levol  ;  and  this 
may  bo  increased  to  11  ve  hundred  IVot  witliout  becomin-^  lunnana-e- 
able.  The  hig'.^r  the  head  the  farther  it  will  Ihrow  an  eiroetive  stream, 
and  such  head  is  necessary  when  working  agiiins.  a  liigh  bank  in  order 
to  secure  a  safe  distance  for  the  "giaut"  attacking  it. 

The  elevated  ditch  terminâtes  in  a  large  wooden  tank  called  the 
"  pressure  box,"  which  feeds  the  pipe  descending  the  slope  to  the  field 
of  action.     This  pipe  is  constructed  of  wrought  iron  or  steel  sheets, 
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the  strength  proportioned  to  the  head  of  water,  rivetted  with  a  double 
row  on  the  atraight  seams  and  single  on  the  round.  According  to  !^^r. 
Ilobson,  General  Manager,  Cariboo  Hydraulie  Company,  ircn  is 
préférable  to  steel,  because  the  latter  is  often  of  unevcn  temper,  having 
hard  spots  which  break  in  bending  ;  besides  which  steel  is  more  readily 
attackod  and  eroded  with  rust  than  even  the  common  quality  of  sheet 
iron.  The  best  quality  of  sheet  iron  bas  had,  in  hydraulie  pipes,  four 
tiraes  the  length  of  life  of  the  best  quality  of  steel. 

The  sections  are  niade  up  in  lengths  of  lîfteen  to  eighteen  fect, 
such  as  can  be  conveniently  handled  by  two  to  four  men  as  the  pipes 
may  vary  from  lîfteen  to  thirty  inches  in  diameter  ;  and  are  put  to- 
getlier  on  the  ground  "  stove-pipe  fashion,"  caulked  by  sacking  and 
driven  home  by  a  wooden  ram,  eight  inches  diameter  by  six  feet  long." 

Though  not  frequently  exposed  to  the  pressure  due  to  the  liydro- 
static  head,  thèse  pipes  are  strong  enough  to  resist  this  when  necessary. 
Mr.  Ilobson  states  that  "  such  iron  pipe  has  been  in  use  for  years  under 
a  tensile  strain  of  13,000  pounds  to  the  square  inch,  although,"  he  adds, 
*■'  most  authorities  would  liardly  admit  this  factor  of  safety."  Ile  gives 
the  safe  pressure  for  the  tliree  sizes  of  pipes  used  by  his  company  as 
follows  : 


!i|( 


Gauge. 
B.G. 


•M  in. 
Diameter. 


No.  14  Steel  or  Iron 
No.  12     " 
No.  10     " 


150  ft.  head 
230    "      " 
300    "      " 


22  in. 
Diameter. 


18  In. 
Diameter. 


210  ft.  head  |  252  ft.  head 
310    "      •'        385    " 


420 


15  in. 
Diameter. 


I 


505    " 


305  ft.  hend 
460    '■     " 
600    "      " 


Thèse  pipes,  which  are  bell-mouthed,  should  be  as  large  in  dia- 
meter as  can  be  aiïorded,  to  lessen  the  friction  and  increase  the  forcf 
of  the  issuing  stream,  and  because  their  size  must  be  decreased  in 
approaching  the  giant  so  that  hère  they  can  be  easily  handled  by  man 
power,  in  the  fréquent  changes  of  position  necessary. 

Sheet  iron  pipes  treated  by  immersion  in  a  bot  bath  of  asphalt  hâve 
been  in  use  in  California,  some  for  more  than  a  quarter  of  a  centurj', 
and  are  subjected  to  great  pressures  as  shown  in  the  following  table, 
published  by  the  Joshua  Hendy  Machine  Company,  San  Francisco  : — 
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LOCALITY. 

Diam. 
Inches. 

Tliickness  of 
iron. 

Pressure. 

B.G.  No. 

Inches. 

Head  in 
feet. 

Lbs.  per 
Sq.  in. 

Moore's  Fiat     

12 

14 

.083 

400 

173 

San  Juiin 

16 

18 

.010 

200 

86 

Spring  Valley  Water  Co 

30 

11 

.125 

365 

158 

Chernkue 

30 

00 

.375 

887 

384 

Virginia  City  Water  Co 

lié 

0 

.324 

1720 

750 

Freneli  Comil 

tl 

10 

.131 

430 

ISJ 

Malakoff  Di  .-gings 

22 

10 

.134 

450 

194 

Texas  Ci  eelc    

17 

8 

.165 

760 

320 

TUE   OIANï. 

The  illustration  shows  the  most  improved  pattern  in  "  giants,"  in 
which  the  horizontal  movenrent  is  around  a  boit,  made  of  the  best 
quality  of  steel  and  thoroughly  annealed,  which  holds  in  position  the 
two  cast-iron  sections  Connecting  the  wrought-iron  feed  and  discharge 
pipes.  The  vertical  movement  is  provided  for  by  a  globe  joint  Connect- 
ing the  discharge  pipe  with  the  uppeimost  of  the  cast  iron  sections. 
The  nozzle  is  cast  iron  attaclied  by  a  screw  tliread,  removable  at  will, 
as  nozzles  of  varions  sizes  are  made  to  fit  the  same  "  butt  "  on  any  giant. 

The  nozzles  range  from  six  to  ten  inches  in  diameter,  and  Mi-. 
Ilobson  says  : — '•'  A  small  stream,  six  to  seven  inches,  is  more  elïective 
in  ci'.tting  down  the  banks  ;  and  a  large  stream  of  eight,  nine  or  ten 
inches  is  the  most  effective  for  reinoving  the  caved  gravel  into  the 
sluices."'  The  balance  box  is  essential  and  is  never  omitted  in  giants 
of  any  size.  The  giant  is  anchored  to  the  floor  of  the  liydraulic  pit  as 
sbown  in  the  sketch  with  the  addition  of  side  posts  at  the  end  of  the 
wcoden  bed  pièce  in  ordcr  to  prevent  a  side  movement.  The  greatest 
force  is  a  tlirust,  by  impact,  of  water  at  the  angle,  and  if  the  giant  cm 
be  prevented  from  moving  at  the  forward  thrust  it  will  generally  remain 
in  place.  Care  must  be  taken  to  secure  solid  ground  for  the  fastening 
posts,  and  in  wedging  the  bulklicauo  uL  the  front  and  at  the  ends  of 
the  "  giant  "  bed  pièce,  in  order  to  with.stand  the  enormous  pressure 
from  a  discharge  of  fifty  to  seventy-five  cubic  feet  of  water  per  second 
under  a  head  of  several  hundred  feet.  The  discharge  at  the  nozzle  is 
very  close  to  the  theoretical  in  good  machines  connected  by  large  pipe 
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lines  Mith  tlie  ditch,  and  will  probably  average  93  per  cent  of  the 
theoreticnl  ditcharge. 

At  the  Cariboo  mine  a  pipe  Une  1,000  feet  in  length  is  composed 
of  a  length  at  entrance  of  about  fifty  feet,  tapering  from  forty-eight  to 
thirty  inches,  l'orming  Ihe  bell  mouth,  then  200  feet  of  thirty-inch  pipe, 
and  tlie  remaindor  twenty-two  inch  to  within  a  short  distance  of  the 
giant. 

The  "  dcfloctor  "  at  the  end  of  the  nozzlo,  which  contrôla  the 
niovement  of  the  giant  is  a  simple  cylinder  of  about  two  inches  largor 
diameter  than  the  iasuing  jet,  swung,  at  its  rear,  in  a  joint  similar  to 
the  giuibals  on  a  marine  compass.  A  lever  is  aitached  to  this  deflector 
of  sufficient  length  to  enable  a  boy,  enteriug  on  his  teens,  to  bring  the 
cylinder  into  lîrm  contact  witli  the  issuing  jet,  which  then  swings  itself 
riglit  or  left,  up  or  down  as  required.  On  letting  go  the  lever  the 
deflector  swings  free  from  the  stream. 

A\'ater  is  usually  measured  on  tlie  Pacific  coast  by  the  "  miner's 
inch,"  which  varies  in  différent  localities  ;  but  the  most  widely  used 
oHe  is  "  the  quantity  of  water  that  will  flow  from  an  orifice  one  inch 
sqUare  through  a  two-inch  plank  with  still  water  standing  at  a  depth 
of  six  inches  above  the  top  of  the  orifice," — which  quantity  is  3,274 
cubic  feet  (about  17,000  American  gallons)  in  twenty-four  hours.  The 
duty  of  this  inch  is  the  washing  of  one  and  a  half  to  four  and  a  half 
cubic  yards,  according  to  locality  and  quality  of  material, 

LAKE    SUPERIOR    lEON. 

The  Lake  Superior  ore  beds  of  the  United  States  havc  yielded  134,- 
000,000  tons,  of  which  117,000,000  tons  bave  been  mined  since  1883. 
The  quantity  mined  in  1898  Mas  14,000.000  tons,  the  greatest  of  any 
one  year,  and  more  than  half  of  the  total  mined  in  the  United  States 
in  that  j'ear. 

The  production  of  pig  iron  in  the  United  States  in  1898  was 
11,773,934  tons  ;    the  principal  producing  States  being  : — 

l'eunsylviiniii 5,500,000  tons 

01)io 2.0(10,000    " 

]llinoi8 l,500,0ro    " 

Alabama 1,000,()IK)    " 

The  greater  portion  of  the  above  was  Bessemcr  pig,  of  which  Penn- 
sylvania  produced  4,000,000  tons,  Ohio  1,500,000  and  Illinois  1,200,000, 
the  last  two  having  the  higher  proportion.  Lake  Superior  ore  and 
Pennsylvania  coke  mcet  at  Chicago.     About  one  and  two-thirds  to  two 
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tons  of  ore  and  one  ton  of  coke  made  a  ton  of  pig  iron.  The  prodiietion 
of  coke  at  Conncllsville,  near  l'ittshurg,  l'a.,  is  about  1?0,0()()  tons  per 
week.  Tliis  coke,  wliicli  is  free  of  duty,  lias  been  doliverod  in  Lake 
Superior  by  rail  and  water  at  $4. '^5  per  ton,  while  "'  rittsl)Urg  "'  coal 
(l'roni  which  it  is  niade)  lias  been  laid  down  there  by  wator  at  tI.S.j 
alongside  wharf,  snbjoct  to  duty  oC  fifty-three  cents  per  t'  n.  About  one 
and  tliree-qiuirtor  tons  of  Connellsville  coal  are  reqnired  to  niake  a  ton 
of  coke,  h  niay  require  nearly  two  tons  of  inferior  coal  to  make  one 
ton  of  coke. 

Nova  Scotia  coal,  water  borne,  is  the  only  Canadian  coal  which 
miglit  be  used  in  Lake  Superior;  but  as  long  as,  a  supply  of  charcoal 
can  bc  obtaincd  it  will  probably  yield  a  botter  qunlity  of  iron  at  a  snialler 
cost  per  ton  than  any  other  fuel. 

The  iron  ore  deposits  on  the  Canadian  side  of  Lake  Superior  are 
said  to  be  the  niost  extensive  known  ;  it  is  asserted  that  two  million 
tons  are  in  sight  on  a  single  quarter  section  in  the  Atikokan  belt.  The 
quality  is  both  hématite  and  magnetite,  and  chietly  Bessemer  ore. 

I  am  indebted  to  Dr.  George  Dawson,  Director  of  the  Geological 
Survey,  for  the  f  ollowing  account  of  Canadian  ore  west  of  Lake  Superior  : 

Iron  ores  are  widely  distributed  thronghout  the  district  west  of 
Lake  Superior.  They  occur  in  rocks  of  Keewatin  (Huronian)  ago  as 
niagnetites  and  hématites  and  in  the  Animikie  as  carbonates  and  lieni- 
atjtes.  The  principal  belts  are  one  extending  from  the  Kaniinistiquia 
River  wosterly  up  the  valley  of  the  Matawin  River  and  contimiing  to 
beyond  the  Township  of  Moss,  and  another  foUowing  the  course  of  the 
Atikokan  and  Seine  Rivers. 

Along  the  lirst  of  thèse,  outcrops  of  ore  liave  been  found  at  many 
points,  but  notably  in  the  neighbourhood  of  the  Matawin  River,  where 
extensive  deposits  of  both  magnetite  and  hématite  (hard  ores)  hâve  been 
partial  y  exploited  by  open  trcnching  and  by  the  diamond  drill.  Though 
generaily  considerably  banded  with  jasper,  large  deposits  of  clt/iin  ore 
occur  hère.  On  the  Atikokan  belt  the  ore  is  a  liigh  grade  magnetite 
averaging  over  sixty  per  cent  metallic  iron.  Along  the  Atikokan,  the 
castern  part  of  the  belt,  the  ore  carrios  no  titanium  and  but  a  trace  of 
sulphur,  and  is  consoquontly  a  good  Bessemer  ore.  It  occurs  in  long, 
lenticular  masses  which  swell  ont  to  widths  of  upwards  of  fifty  feet  and 
which  are  vertical  or  nearly  so  in  attitude.  Three  or  more  roughly 
parallol  bands  of  ore  are  soparated  by  belts  of  country  rock  (diorite  and 
hornblende  scliist)  from  twenty  feet  to  a  few  feet  in  widtli.  Tiie  whole 
Avidth  is  often  considerably  over  a  hundred  feet  and  the  bodieo  of  ore 
which  can  be  followed  as  recurring  lenticules  for  many  miles  are  trace- 
able  as  continuons  ore  bodies  for  upwards  of  500  yards.     (See  Annual 
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Report  Geol.  Survey,  1895,  pp.  38  R  and  83  S,  et  seq.,  for  assays  and 
descriiition.) 

Ore  lias  becn  discoverod  at  nnmerous  otber  local ities  throughoiit 
the  district,  notably  in  the  Gunflint  Lake  district  just  nortli  of  tho 
Inteinational  bonndary,  at  the  hcad  of  the  Big  Tiirtle  River  and  on 
the  north  shore  of  Thundcr  Bay  near  Loon  Lake.  In  none  of  thèse 
places,  however,  are  the  deposits  as  cxtensive  as  those  notcd  above. 

The  Matawin  area  is  about  tliirty  miles  from  Port  Arthur *and  five 
miles  from  the  nearest  point  on  the  C.  P.  Railway.  It  is  on  the  line 
of  the  Port  Arthur  and  Rainy  River  Railway,  now  under  construction. 

Tlio  mnst  oxtcnsivc  ore  do])osits  on  the  Atikoknn  are  about  100 
miles  from  Port  Arthur  and  forty  miles  from  tlie  C.  P.  R.  Tliis  area 
is  also  ou  the  line  of  the  Port  Arthur  aiul  Rainy  River  Raihvay. 

Other  iron  ore  deposits,  chiefly  hématite,  hâve  becn  discovered 
upou  the  north  shore  of  Lake  Superior  and  east  of  Nepigon,  at  Batchc- 
waning  Bay,  (Jros  Cap  and  Little  Pic,  and  are  refei'red  to  in  many 
reports  of  the  Geological  Survey  from  180(5  to  1876,  but  their  extent 
and  value  is  yet  unknown. 


PULP   WOOD — AND   THE   AVOOD   TULP  INDUSÏRY. 

According  to  "  Lockwood's  Directory  "  there  are  over  one  thoiisand 
pulp  miils  in  the  l'nitcd  States,  r.nd  Ic-js  than  one  hundrcd  in  C;inada, 
but  of  the  thousand,  one  hundred  are  idle  ;  while  of  the  ninety-tliree 
Canadian  niills  only  four  are  idle,  one  in  each  of  the  provinces  of 
Ontiirio.  Québec,  Xew  Brunswick  and  Xova  Seoiia.  Of  the  greator  pro- 
portidu  (f  id'e  Ameritan  mills  s(  nie.  aie  no  doiiLt,  closed  for  want  of 
raw  material,  because  the  home  product  is  being  rapidly  exhaustod  and 
importation  is  necessary.  Canada  lias  supplied  some  of  thèse  witli  both 
pulp  wood  and  pulp.  There  is  nearly  as  much  différence,  commercially, 
to  an  exporting  country,  between  its  wood  pulp  and  pulp  wood,  as 
between  tho  traditional  horse  chestnut  and  chestnut  horse, — they  are 
not  ci'iivertible  ternis  ;  and  there  would  be  a  still  greater  ditference  if 
we  turned  our  wood  iuto  pulp  and  the  pulp  into  paper  at  our  owa 
water  power-t.  The  same  reason  which  exists  for  cutting  pine  logs  into 
sawn  lumber  in  Ontario  hokls  good  for  turning  our  spruce  log>  into 
pulp  and  paper,  throughout  the  Dominion. 

Ontario,  Québec,  Xova  Scotia  and  Xew  Brunswick  possess  an  almost 
unlimited  quantity  of  spruce  of  the  strongest  and  finest  quality  for 
papermaking.  It  is  claimcd  for  this  spruce  (not  only  as  against  tluit  of 
the  Pacific  Coast,  but  as  against  that  of  Europe),  that  its  flocculent  fibres 
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posscfS  nn  inlcrlooking  odgc  liko  beardtd  l)iirley  which  ^^eize  liolcl  of 
each  otlior  wlien  passiiig  riijjidly  l'rom  tlio  floaling  to  tho  fixed  position, 
and  can  consequently  be  driven  at  a  higlier  rate  of  speed  through  tlio 
nmchino  tliaii  othcr  Icinds  of  spruce  wood.  The  otlior  woods  for  pulp- 
inakiiig,  in  order  of  value,  are  balsani,  poplar,  soft  inaplo,  basswood 
and  tamarack,  ail  abundant  in  Canada.  Spruco  and  balsani  are  not 
ouly  at  the  liead  of  tlie  list  on  account  of  tlieir  intrinsic  value,  but  bo- 
cause  they* reproduce  themselves  more  rapidly  than  othors;  this,  in  tlic 
case  of  spruce,  being  estimated  to  range  betwcen  ten  and  twonty  years 
according  to  situation. 

'•■  Lofkwood  "  givcs  the  Dominion  list  of  mills  uiulor  the  two  heads 
of  ])apcr  mills,  and  pulp  and  chemical  fibre  mills.  Thcir  rcported 
capacity  for  Ontario  is  a  daily  output  of  : — 

Pftper  mills 172,000  ll)s, 

Pulp  iinii  cliemiriil  libro  inilis. .   Tl^i.OdO    " 

Total 01.5,000  " 

For  (^ui'bof  : 

l'apiT  mill.s rm.WO  " 

Pulp  and  Chemical  fibre  mills llKi.OCO  " 

Total 1,0.-)7,000    " 

Nova  Scotia  has  a  papcr  mill  of  8,000  pounds  daily  capacity,  and 
Nova  Scotia  and  New  Brunswick  hâve  pulp  and  chemical  fibre  mills; 
the  fîrst  M'ith  174,000  pounds,  and  the  second  with  160,000  pounds 
dailv  capaeitv. 

Numerous  and  variod  as  are  the  qualifies  and  uses  of  pulp  and 
M'ood  paper,  its  abundance  and  choaiiness  hâve  given  it  an  extendcd 
field  in  architecture,  in  addition  to  the  ornamental  onc,  espccially  for 
a  cold  climate.  By  its  use  the  cheap  wooden  houses  can  be  made  warmer 
than  brick  or  stone  ones  ;  and  in  many  of  thèse  thcrc  is  a  greatcr 
surface  of  paper  than  of  wood  used,  as  it  is  doubled  round  the  sides, 
and  can  be  used  to  cover  both  roof  and  carpeted  fioor.  The  paper  mills 
advcrtise  their  output  as  book,  ledger,  news,  bag,  tissue,  manila,  wrap- 
ping,  M'riting,  hardware,  carpet  lining,  roofing,  building,  wall,  leather 
board,  binding,  etc. 

The  other  uses  to  which  both  chemical  and  mechanical  wood  pulp 
are  put  are  varied  and  increasing,  as  in  furniture,  carriages,  hollow  ware 
of  ail  kinds,  water  pipes,  portmanteaus,  horse  shoes,  bottles,  clothing, 
])aving  blocks  and  fire  and  water-proof  compositions.  In  the  lattcr 
connection  a  most  extensive  and  important  field  will  be  found  in  water- 
proof  underground  conduits  for  electric  wires. 

!Mechanical  pulp  is  wood  ground  in  water  ;  chemical  pulp,  the  same 
wood  digested  or  cooked  in  sulphurous  acid,  or,  by  a  soda  process,  filtered 
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and  refined,  and  is,  therefore,  worth  three  or  four  times  as  much  as  the 
raw  product.  The  cooked  article  is  usod  almost  exclusively  to  improvo 
the  quality  of  the  raw. 

The  wants  of  the  United  States  are  said  to  be  the  product  of  one 
liuiulred  thousand  acres  annually.  If  this  estimate  be  now  excessive 
it  must  suon  be  reached  and  passed.  One  New  York  paper  is  reported 
to  use  tlie  product  of  seven  acres  for  its  daily  issue. 

It  is  stated  that  owing  to  tlie  expansion  ci  tliis  industry  tho 
grcatost  source  of  r  jvenue  in  Swoden  is  derived  from  her  forests  ;  and 
that  the  Government  are  purcliasing  the  private  ones  in  order  to  secure 
tlieir  protection. 


BAINFALL. 

In 'the  following  tables  the  most  noticeable  feature  is  the  small 
amount  (as  compared  with  the  eastcrn  provinces)  of  total  précipitation 
with  which  Manitoba  and  the  Northwest  Territories  produce  such  mag- 
nificent  crops  of  cereals,  dairy  products  and  vcgetablcs,  as  well  as  horse°, 
beef,  and  bacon. 

^  Wheat  is  thero  sown  over  a  frozen  subsoil  which  gradually  yields  its 
moisture  to  ïhe  influence  of  the  snn,  inciting  and  sustaining  growth  until 
the  raiu  (nmre  than  lialf  of  which  falls  in  the  sunimor  niontlis)  brings 
the  grain  to  maturity.  Of  the  total  précipitation,  nearly  75  per  ccntls 
rain  between  Ist  April  and  Ist  Octobor,  the  remainder  falling  (cliiofly 
as  snow)  during  the  other  six  months. 

In  thèse  tables— stations  in  the  watershed  of  the  Great  Lakes  are 
placed  together  in  alphabctical  order  for  their  respective  lakes. 
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MkAN   AN.NUAI,  l'UKCIlMTATION— RaIN   AND  SNOWKAI.I,  — IN    IXflIKS,  AS  OlWEUVKU 

AT  Ai,L  Stations  in  Canada  Exj'kitino  Hhitisk  Coi.vmhia. 


It 


'II' 


Station. 


Manitoha. 

Aweme 

Brandon 

Burnsidc 

Cartwright 

Chnnncl  Island.  .. 

Clandeboye 

Clark  leigh 

Eden 

Fort  Ellice 

Foxton 

Gladstone 

Hartney 

HlUview 

Minnedosa  

Norquay 

Oakbank  

Oaklake 

Pilot  Moiuul 

Portage  la  Prairie  . 

Posen    

Rapid  City 

Rockwood 

Russell 

Shell  River 

Shoal  Lake 

Sourisford 

Stony  Moiptain. . . 

Treherne 

Turtle  Mountain  . . 
Winnipeg 


il 


c 

Oh 


1(1- li) 

1(1  20 
14i)0 

17  10 
15  20 
1(1- 70 

18  10 
17  14 
10  07 
17  04 
20 '51 
23-35 
10-20 
1708 
22-20 
20  24 
10-50 
18-74 
18-84 
21-84 
15-78 
18*07 
1804 
15-37 
12-00 
13-57 
13  04 
1000 
20-40 
20-92 


s 

£.! 


^S^ 


Ai) 


12  20 

o-:iô 

11  40 
14  10 
13-07 

12  01 
14  32 
11-10 
10-48 
11-88 
18  15 

12-46 
11-02 
14  33 
15-28 

8-5:{ 

14  25 
13-80 
17-30 

5  04 
15-10 
14-07 

8-57 
11-50 
10-41 

8-25 
11  53 
17-52 
14-84 


Station. 


NOUTHWKST 

TEHiurouiKs. 
Haiiir 

Battleford 

Caluary 

Chaplin 

Edniontou 

Fort  Chippewayan 

Fort    Dunvegan  .. 

Grenfill 

Kilnap 

Maple  Creek 

Medicino  Hat 

Prince  Albert 

Qu'Appelle . . . 

Rcgina , . 

Swift  Current  . . . . 

Moose  Factory  — 

Norwav  House 


Abitibi,  1807.. 

Do     1898. . 

York  Factory 


2  -2 

3  rt 


10  44 
13-02 
12  08 

7  07 
15- 15 

11  05 
23  23 
13-40 
11-07 
10-18 

12  60 
14-45 
15-89 

0-03 
17  04 
20-47 
10-20 


20  in. 
3ii  in. 
28-73 


=   .    c« 
3  s  .l* 

o  .ti  '^ 

g'o.  u 


Util 

7-91 

3-47 

8-10 

10  Oi) 

15- «7 

10  05 

0  31 

7  73 

0-72 

0  59 

10-14 

1-90 

9-60 

24  93 

15  74 


a   .. 
.2  'fi  » 

-a   O  " 

u,  O 

7s-2 
121-8 
14 -.34 
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Station. 


s 
o 


n 

a 

5    « 

a. 


20  J.-) 
2!)nl 

21  01 

22  74 
l(i  ;u 
:u;t-! 
21-71 

24  os 
M  2(1 

25  52 
:J3  42 
28()1 
2!)  MO 

:îo-45 


OxTAnio. 

BiscotaJsiiifj; 

Cdi-tler    

lleroii  IJ.iy 

Missuiiabie 

Nupigou 

Port   Artlini- 

Siwanne 

Sclireilier 

Sault  Ste.  Marie.... 

Whiti'  Rivir 

Ail.Hii  Ci-iiig. 

Anroni 

Axo  ^(iko 

Alton 

Barrle |     goaJ 

Béatrice 42- 10 

BoSî'O'-  ,      3H-3r, 

Cliarlinch '     S)<m 

Coldwater |      8255 

Durlmni 4042 

Egreiiiniit  .....'   38;j]     | 

Georgina |      28:^0 

Goflerifii !      320! 

i 
Godericli  (L'gt  Ilouse)'      33;ii) 

i 
Grantoii 3045 

Gravenhiii>t 30  00 

Gwillinibury 250(i 

Halibnrtoii    20-60 

Hooflstown 4302 

Joly 30-51 

Kincardine 34-88 


10  23 
23  42 
18-74 
17  1)4 
15-07 
10I2 
10-43 

30-21 
13  35 
29-84 

22  0(1 

23  80 
27-32 
21-22 
28-00 
2017 
20  -  22 
29-70 
29  80 
23-59 
2103 
17-32 
14  17 
20-28 
28-22 

22 -es 

25-40 
3901 
31-78 
28-83 


Sl'ATION. 


Ontauio— C(j/(. 
LU  Ile  Ciii-reiit..  .  . 

Li-t  )\vel 

I.uckuow        .  . , . 

Midland 

Noitli  Bruce 

Ojangeville 

Orlllia 

Owt-n  Sound 

l'arry  Sound 


«  s 

s  o 

e  s 

s  :: 

I  '^^ 


31  02 
3',)  (Il 
3H-42 
3095 

32  70 
3i)  51 
32  71 
38  74 
37-73 


Point  Cliirk  !     31  30 


Pi-e.s(|u'ili> 

Saugeen  

Seely 

Slinron 

Sprucida'e 

Stayner j      32-03 

Sunshino j      3091 

TheTfoi-d I      32  74 

Uplands  I      41  00 


40-40 
34-17 
40 -2() 
29-30 
35-32 


Wliitcside. 

AViarrnn. . . , 

Zuric-li 

Ayinier  . . . . 

Birnani 

Blenheim  . . 

Brantford.. 

Cliatliani.. . 
Coldstreani 
Conestogo. . 
Copetown  . . 
Cottain 


30  18 

34-37 

37-18 

30  02 

35-64 

:i8-73 

20-25 

31-87 

35-38 

31-72 

32  91 

33-73 


-= — c- 
c  .   a 

i-s  s» 
c.rg 

-1*  u  o 

Jo3 


20-88 

20-81 

30-40 

35-20 

27-42 

28-31 

22-23 

30  (13 

32  02 

22  (57 

32  05 

27-25 

3.V44 

25-98 

30  tO 

20-03 

32-03 

20-80 

32-09 

32  01 

32- 14 

29-68 

32 -43 

27  ti7 

30  15 

18-73 

23-04 

;«-44 

22  (Xi 
25  ÎW 
25-57 
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e.2-a 
j  0.2 


Station. 


Osrwun—Cini 

Cowiil 

Dcdltown 

De  Cewsville 

Elorn 

Ferons  

Cîiilt  

Guelpli 

IiiKc-rsoll 

Lonclon 

Lyons 

Mnid.stoiie 

Oil  Siiriiigs 

Otti'iville 

Paris 

Petrollft 

Point  Pi'lee 

J'ort  Dover 

l'ort  Stiinlej- 

Priiiceto': 

Ki(l>;eto\vii 

St.  George 

St.  Marys 

St.  Thoiims 

Sarnia 

Strntliroy 

Strntford 

Siincoe 

Sombra 

Wiltoii  (ii-ovc, . . 

Windsor 

Watford  


o 


3 

a 


31-73 
33-40 
32  17 
3»  18 

nrii.-) 
:v.\\ô 

30-84 
35  ()7 
20-28 
28  •1)7 

32  52 

33  30 
3t  30 
•MIR 
32-54 
34-79 
32-74 

34  07 
32-56 
37 -03 
31-22 
27-23 
34-59 

31- «) 

:«-72 
:!0-70 
£0  oc. 
25  42 


— = — cr- 
c  .  s 

-f  y  o 
-  .►"  o 
''u-  e 


2609 
20-02 
20-72 
29- 17 
L'H(i8 
21-87 
21  80 
20- 11 
1:7 -4.-) 
27  57 
•24  47 
25-47 
•J4  (17 
•27-41 
20-88 
20- 17 
22-40 
27-02 
20-54 
20- 1!) 
20 -,«3 
30  73 
28 -Kl 
22-00 
:W09 
•JH-20 
20-97 
2S01 
24-74 
25  (iO 
24  (Xi 


Station. 


Ontahio— Co«. 

Woodstock 

Wyoniing 

\Volian<l 

Haileyl)ury "j 

N'IpiHsinK   District  1 

Delleville 

HolxiayKoon 

Hranipton 

Deseroiito 

Kniilsinore 

Georgetown  

Haniilton 

Ilarrow.sniith 

Kingston 

Ii'Amal)le 

Lakefleld 

Llndsay 

Minden  

North  Glanford 

Niagara'  Falls 

Norvvood 

Osliawa 

Port  Dalliousie  

Port  Ilope 

Pcterboro' 

Scarboio' 

Stoiiy  Crcek 

Sliannonville 

Toronto 

Arnprior 

Alesandria 


H     à 

a     o 
a    -z 

5. 
I    '^ 


^    .^ 


33  (17 
•29  25 
.'Ci  ()5 

32-02 

31-42 
27  71 

•iwm 

33  03 
35  83 
•2KWh 

30  39 
32-75 
33- 14 
35  52 
29-t--0 
33  20 
32-85 
22-73 
.34-41 
3135 

31  SI 

30  55 
32-25 

31  05 
20  00 

:;o-8;i 

27-72 
31-52 
30  02 
37  92 


•20  47 
25-43 
23-87 

27-13 

28-78 
22-55 
21  (K) 
20-95 
30  07 
Z4  25 
19-17 
20.38 
20  o:j 
31-88 
22-13 

20  50 
:io  07 

21  31 
30-75 
21-44 
27  05 
25  41 
28 -80 
20  19 
20-30 
32-74 
25-22 
24-34 
32-43 
•JO  19 
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AT  Ai.i.  Stations  in  Canaua  Excei'tino  Buitimii  C(»i-iimhia.-CV>ii. 


STATIOff, 


Ontahio— Cou. 

Bancrof t . . 

Brockvlllo 

Corinvull 

Clontnrf 

DciiI.iKh 

Kdwiirdsln  fr 

Fitzroy  Iliirlwur  , 

Mattivwji 

Noitl.cote 

Oliver's  Ferry 

Ottawa 

Pcmbioke 

Rcnfriw 

RocklillVi 


Qr;  1  Kc-, 

Anticosti,  S.  W.  Pt. 
W.  Pd... 

Burnston 

Bird  Rocks 

Brome 

Cape  Magdalc'ii 

Chicoutiini 

Craiibourne 

Danville 

Fatlier  Point 

Huntiimdon 

Montréal 

Point  des  Monts 

Québec 

Richmond 


I 


a 
o 
a  s 
a  «9 
<  .- 
a    .S- 

I    I 


ar,-m 

3(1  (Ml 

•M  m 

32  ^H 
■M- 12 
:W(I2 
26' 52 
25  0(1 
25  00 

■M- m 

32  87 

;k-h7 


27  "1 
■Il  ;t2 

27- m 

■,]•>■  m 

32  22 
30' 33 
40 -77 
4009 
32  10 
37- 13 
40-23 
45  70 
4108 
40  69 


S<»  9 


3:'  16 
29  a) 
25 '47 
27  31 
2(111 
34  05 
21  55 
18 'HO 
22' 49 
2;:-l9 
25-03 
1971 
17  M 
22- 10 


]3'44 
34  49 
3(1  45 
17(17 
21-41 
20  (ÎS 
24-42 
30  34 
31-20 
10-03 

30 -;w 
;w-88 

3002 
31-70 
33-87 


Ttation. 


QlTKlinc— Co«. 

St.  Francis 

St.  Hyaciiitlic.     . 

Nova  Scotia. 
Port  Morien 


■a  c 

a  o 

a  'Z 

<  •- 

o. 

a  ■- 

I  ^ 


;(8-:i(i 

37  01 


30-irt 
29  0(1 


niKi'y 

(ilacc  B;iy 

Halifax 

Port  HustinKs. 

PIcton 

Sydney 

Sahlo  Lsland. . . 

Trnro  

Wldte   lload.., 
Yannouth  


Pmx(  i:   IvDWAHi) 

Im.AM). 

Charlotte  town 


41-45 
40-0,ï 
39-53 


fîeorgetown  

KihnanaKb  

Nkw  Biutnswk  k. 

natlmrst 350-' 

I 
Chatliani ;      41-20 

DorchcKtor !      44  00 

I 
DalhoiKsie |      30  00 

Fredericton ,..       44-65 


Grand  Manan 

Point  Escuniiiiac. 
Parker's  Ridpe.  . 
Point  Leprcaux. . 
St.  Andrews,. .   . 

St.  John 

Woodstock 


40-72 
32-35 
40-01 
46-48 
30-46 
47-38 
40-70 


30 -KO 

;io  45 

20-10 

22  :«) 

47-75 

40-97 

52-20 

15  .-!2 

45  15 

31 -14 

42  (12 

32 -.-10 

44-00 

40 -^5 

44-20 

32  77 

43  28 

30  W) 

41-42 

:;(!■(!  i 

49-57 

;;()-(i) 

32-45 

35  4  S 
30 -.14 

23-52 
32 -C3 
33-10 
27-15 
33-89 
35-i:0 

30-81 
38  00 
30-04 
42-05 
35-20 
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ELKCTRIC  RAILWAYS. 


Under  présent  conditions  tlie  superiority  of  the  electric  current  to 
sieain,  as  a  prime  mover,  is  confined  to  positions  whereit  is  required  to 
niovc  a  single  car  or  two,  frequently,  instead  of  a  large  number  at  wider 
iiitcrvals.  For  the  current  the  powcr  is  gciieratod  at  a  central  station, 
and  niust  at  ail  limes  be  equal  to  an}  demand  upon  it  ;  while  in  the  olhcr 
case  it  is  self-eontained  in  the  locomotive  engine,  the  niimber  of  which 
niay  be  increased  or  diminished  as  occasion  requires. 

An  electric  installation  to  produco  the  sanie  powcr  as  the  best  loco- 
motive will  cost  nearly  ten  times  as  mucli  as  the  cingle  engine,  and  can 
only  compete  economically  with  the  latter  where  the  demand  for  powcr 
is  continuons.  Where  a  single  locomotive  could  do  the  same  work,  the 
intercst  npon  nine-tenths  of  the  cost  of  installation  would  handicap  the 
electric  system. 

AVhon  coal  is  used  to  produce  the  electric  current,  the  cost  per 
liorse-power  produccd  is  the  sanve  as  for  the  locomotive.  Wlien  water 
power  can  bc  obtained  the  fuel  cost  is  saved  ;  but,  since  this  item  forms 
less  than  20%  of  the  operating  cxpcnses  of  a  railway,  the  amount  saved 
may  l.e  fully  offset  by  intcrest  charges  npon  the  cost  of  electric  instal- 
lation, including  that  of  the  water  power. 

For  nrban  and  suburban  passengor  traffic  tliere  is  no  comparison  in 
efliciency,  economy,  comfort  and  .safety  to  passengers,  between  electricity 
and  stcam  :  moreover,  the  frequency  of  cars  and  absence  of  cinders  and 
smoko  lead  ahnost  immediately  to  a  very  decided  increa^e  of  trailic.  On 
the  other  hand,  a  breakdown  at  the  central  station  puts  an  immédiate 
and  total  stop  to  traffic,  wb'\3  a  disabled  locomotive  would  be  dragged  off 
or  replaced  by  another.  Grades  up  to  10%  and  above  are  surmounted 
by  the  electric  car — because  thcre  is  a  motor  under  every  car — while  less 
than  half  tins  is  the  practical  limit  on  steam  roads.  A  steam  motor  could 
mount  the  same  grade,  but  would  .require  a  lioensed  engineer  and  a 
dangerous  boiler  to  every  car. 

For  heating  purposes  electricity  requires  2-5  times  the  horse-power 
needed  to  produce  the  same  beat  by  steam:  for  tram-cars  it  will  always 
be  preferred  on  account  of  greator  convenience  and  cleanliness;  and  be- 
cause of  the  moderato  amount  noeessary,  as  compared  with  houses.  Tt 
will  always  be  nsed  for  thèse  cars  when  water  power  supplies  the  cur- 
rent— and  should  be  even  witli  coal  génération. 

We  cannot  foresee  the  future  of  this  question.  If  the  heavy  locomo- 
tive wliich  carries  no  paying  load,  can  be  got  rid  of — lighter  rails  and 
bridges  than  are  now  called  for  can  be  itsed  ;  and  if  the  momentum  of 
trains  can  be  utilized  to  produce  the  electric  current,  every  car  nu\y  he 
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provided  with  a  storage  battery  for  emergencies.  Length  of  trains  ami 
strength  of  couplirigs  wonld  be  reduced  and  speed  increa?ed,  the  reci- 
procating  piston  of  the  steam  cylinder  being  unable  to  compete  with 
the  rotating  electric  motor  ; — the  limitations  being  only  air  résistance 
and  condition  of  track. 
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